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Durinc the past decade there has 
been brought to light evidence tending 
to substantiate the hypothesis 
ionizing radiation is one of the causes 
of leukemia. One of the manifestations 
is the increased incidence of leukemia 
in radiologists in the United States, to 
which we called attention in 1944 and 
1950") In leukemia we are dealing 
with a not too prevalent condition, so 
that, even with the demonstrated in- 
creased incidence, the number of cases 


occurring in radiologists is relatively 
small (14 from 1929 to 1948 inclu- 
sive"). It was, therefore, felt that it 
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advisable to extend this study for 
mger period of time to include a 
iter number of cases in order to 
ease the validity of the previous 
‘vations. Furthermore, a trend to- 
a different incidence might be 
losed. And finally, because a recent 
report (Court-Brown and Doll'') from 
En land of a study made of the inci- 
de: ce of leukemia in British radiolo- 
gis's does not bear out the findings in 
the United States, it was deemed im- 


dis 


.ddress: 


portant to extend our knowledge of this 
phase of the problem. Court-Brown and 
Doll made a study of 1377 living and 
dead male radiologists in Britain for 
the 60-year period from 1897 to 1956. 
They found only 3 deaths from leu- 
kemia, 2 of which Phe in a group 
of radiologists who became members 
of a radiological society prior to 1921 
(the time before which the authors 
feel that the need for adequate protec- 
tion by the radiologists was not gen- 
erally “appreciated ), whereas the ex- 
pecte «d number for this sex, age, and 
social class distribution was 0.3 to 0.5 
death. In the post-1921 radiologists 
there was only one death from leukemia 
reported, and the expected number 
was 0.7 to 0.9 death. 

The present report is concerned with 
an extension of our previous statistics 
to cover the decade from 1949 to 1958 
inclusive. The same methods were em- 
ployed as in the previous reports. The 
total number of deceased radiologists 
during this period was gathered from 
the records of the American College 
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of Radiology, the American Roentgen 
Ray Society, and the Radiological So- 
ciety of North America. In the previous 
studies it had been felt that for prac- 
tical purposes this can be regarded as 
a fairly complete listing, despite the 
fact that there m: iy be a rare practicing 
radiologist who may not be a member 
of one of these Societies or who may 
have dropped from membership be- 
cause of the economic pressure of re- 
tirement or prolonged illness. During 
the course of the present investigation 
it became apparent that the list of de- 
ceased radiologists thus compiled was 
not complete, and so a close personal 
scrutiny of all of the obituary notices 
published in the Journal of the Ameri- 
can Medical Association during this 10- 
year period was made, and this un- 
covered an additional 102 deceased 
radiologists. Included in the group of 
deceased radiologists were all those 
listed as certified by the American 


Board of Radiology, as members of the 


American College of Radiology, as 
practicing radiologists (or roentgenol- 
ogists), as members of a_ hospital 
radiology de partment, as having an 
academic position in radiology, or as 
being members of the American Roent- 
gen Ray Society. If a physician was 
listed as being a member of the Radio- 
logical Society of North America, he 
was not regarded as a radiologist for 
our purposes unless there was some 
supporting item from the preceding 
list, since numerous surgeons, intern- 
ists, dermatologists, gynecologists, and 
others are members of this Society. We 
feel that this exclusion is entirely justi- 
fied, and that we would be much 
farther from the truth to include the 
26 cases found with this Society listing 
as their sole professional identification 
than to exclude them. Six additional 
vases were excluded because of very 
doubtful evidence, although 2 or 3 with 
somewhat doubtful evidence were in- 
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cluded in the tabulated cases. 
fore, only residents of the 
States were included. 

We are, therefore, reporting two sets 
of figures: those obtained by following 
the methods pursued in the previous 
studies, to serve as comparative figures 
and the more complete figures obtained 
by the procedure indicated in the pre 
ceding paragraph. Following the origi 
nal procedure, notices of the deaths of 
302 radiologists were disclosed during 
the 1949 to 1958 decade, in which the 
cause of death could be determined in 
279. In the additional 102 
cause of death could be determined in 
82, making a total of 404 
radiologists in which the 
death was known in 361. It is to be 
noted that the 279 figure for this 
decade is almost as great as the 299 
figure for the combined preceding two 
decades (March*’). In the 279 deaths, 
there were 9 cases of leukemia (3.23%), 
as indicated in Table 1. In the 82 addi- 
tional deaths there were 2 
leukemia, making a total of 11 cases in 
361 (3.05%). 

The incidence of leukemia deaths in 
radiologists (3.237%) during the decade 
under consideration is somewhat less 
than the comparable figures found for 
the preceding 20 years (4.68%), but 
is still considerably more ve in the in- 
cidence in non-radiological physicians 
(0.51%)*, the latter figure being taken 
from the previous studies of the pre- 
ceding two decades, since the informa- 
tion in the Journal of the American 
Medical Association during the past 
decade is too incomplete for figures 
to be derived directly for non-radiologi- 

cal physicians. The freque ney has thus 

decreased from about nine times the 
incidence in non-radiological physi- 
cians to about four or five times. This 
still appears statistically significan’. 

It may be mentioned that 4 deaths 
of radiologists were listed as aplestic 
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LEUKEMIA (1949 TO 1958 INCLUSIVE) 


Type of 
Date Leukemia 

Initials of Death Recorded Age Location 

R.H.L 7/31/50 Acute 72 Charlotte, N.C. 
W.E.P. 8/19/51 Myelogenous 48 Morristown, N.J. 
Cc. 11/15/51 Lymphatic 69 Greene, Me. 
1.M.B. 11/26/52 Myelogenous 74 Middleboro, Mass. 
R.F.M 5/ 9/53 Leukemia 50 Chicago, Il. 
°R.T.P 8/27/54 Leukemia 63 Springfield, Mass. 
B.V.L. 7/25/55 Leukemia 55 San Francisco, Cal. 
W.A.R 8/13/55 Acute 43 Augusta, Me. 
G.E.P 1/19/57 Leukemia 83 Philadelphia, Pa. 
*].G.H 2/18/57 Leukemia 49 San Francisco, Cal. 
1D.J.R 3/12/57 Acute Lymphatic 64 


anemia. It is not known whether any 
of these might in reality have been 
forms of leukemia, since Court-Brown 
and others feel that some cases of leu- 
kemia probably are listed as aplastic 
anemia; 4 out of 6 cases of leukemia 
following either therapeutic or heavy 
diagnostic Roentgen-ray exposure re- 
ported by Moloney* simulated aplastic 
anemia at the onset, 

was determined only 
row aspiration or 
of one radiologist, 
town, lowa, 


and the diagnosis 
y after bone mar- 
biopsy. In the case 
L..F.T., of Marshall- 
died in 1952, the 
given cause of death was chronic radi- 
ation syndrome. Further investigation 
revealed that n ‘cropsy disclosed a 
marked preponderance of plasma cells 
and plasmoblasts in the bone marrow 
and lymph nodes. The pathologist at 
the University of Lowa Hospital was 
unwilling to cl: assify this as a leukemia, 
but felt that this was a peculiar reticu- 
lar cell re sponse to radiation. The in- 
ternist regards this case as a reticulo- 
endothelial dysplasia with plasma cell 
leukemoid re sponse, a borderline cate- 
gor. with many aspects of leukemia. 
However, this case was not included 
among the cases of leukemia. 

Alter the data for this report had 
bee: assembled and near the end of a 


who 


Cases uncovered by present more complete procedure. 


Hartford, Conn. 


review of literature, a recent article 
(Cronkite, Moloney and Bond'*) was 
encountered within which a brief men- 
tion was made of a survey similar to 
the present one being reported, but 
covering only 9 of the 10 years in- 
cluded in this paper. The present data 
cover a longer period and appear to be 
more complete (19 additional radiolo- 
gists deaths with known diagnoses in 
that 9-year period ). 

It has been shown that the recorded 
incidence of leukemia in the general 
population has been increasing over 
the past several decades (Court-Brown 
and Doll'®, Lea and Abbatt**, Sacks 
and Seeman®', Schwartz and Upton**). 
It is difficult to assess how much of a 
factor better diagnoses may have 
played or whether “increased exposure 
to ionizing radiation may not have been 
a factor. A 73% increase in white male 
death rates from leukemia above the 
age of 25 occurred from the 1939-1941 
period to the 1949-1951 period 
( Lewis**). In the State of Illinois the 
case rate of leukemia and aleukemia 
increased from 5.1 for the 1941-1945 
period to 7 for the 1953-1957 period*’. 
One cannot calculate the leukemia in- 
cidence in physicians in the last few 
years because of the incompleteness of 
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the reported causes of death in the 
Journal of the American Medical Asso- 
ciation, but it also has probably in- 
creased, though probably not to the 
same degree, since better diagnosis 
would not be as much of a factor. 
There would appear, therefore, to have 
been a moderate decrease in the inci- 
dence of leukemia in radiologists in 
the past decade as compared with the 
preceding 20 years. One hopes that 
this is a reflection of better protection 
against exposure by the radiologist 
since the earlier days of this speci: alty. 

That ionizing radiation can induce 
leukemia has been demonstrated in 
laboratory animals many times (Furth"’, 
Furth and Lorenz'’, Gross et al.*?, 
Kjeldsberg*', March*®, Mole**, Up- 
ton®*). Five additional groups of sta- 
tistics have appeared demonstrating 
this effect in man with varying degrees 
of persuasiveness. These concern the 
atomic bomb casualties, patients with 
rheumatic spondylitis treated with 
Roentgen-ray, patients whose thymic 
areas were irradiated, children who 
had been irradiated in utero, and pa- 
tients treated with radioactive iodine 
for hyperthyroidism and thyroid malig- 
nancy. 

The atomic bombing of Hiroshima 
and Nagasaki in August, 1945, resulted 
in a total body irradiation of a large 
number of persons by a single exposure 
to gamma rays and neutrons. Carefully 
documented follow- -up studies by mem- 
bers of the Atomic Bomb Casualty 
Commission at various intervals have 
revealed that by December 31, 1957, 
there were 122 well authenticated cases 
of leukemia in the exposed population 
of Hiroshima (Heyssel et al.**), 96 
oeing in individuals exposed less than 

2,000 meters from the hypocenter (the 
point on the ground directly beneath 
the bomb blast ). It is well known that 
generally the survivors who had been 
within a 1,000 meters of the hypocenter 
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had been heavily irradiated, while the 
group of survivors beyond 2,000 meters 
had received negligible irradiation 
( Heyssel et al.**, Moloney and Kasten- 
baum*®). Heyssel et al. found that the 
incidence of leukemia in the latter 
group Was no greater than that rece ntly 
estimated for Japan as a whole (29 as 
against 24 cases per million per year 
By contrast, the incidence in the group 
within 1,000 meters was 50 to 60 times 
the incidence beyond 2,000 meters. A 
single massive exposure to irradiation 
is, therefore, leukemogenic humans 
just as it has shown to be in mice 
(Furth and Upton'>). The figures from 
Nagasaki are similar to those from 
Hiroshima ( Moloney** ). Of interest is 
the time relationship of the uncovering 
of these leukemia cases. For 2 years 
after the bombing no cases of leukemia 
were reported. Following this, cases 
began to appear with increasing tre- 
quency, reaching a peak some 5 to 7 
years after the bombing and subse- 
quently diminishing, but the normal 
incidence of spontaneous leukemia had 
not yet been reached after 13 years 
( Heyssel et al.*). The initial “latent” 
period may in part have been due to 
the general disruption of medical fa- 
cilities and record keeping, but similar 
latent periods have been observed 
other situations where ionizing radia- 
tion has been etiologically related 
leukemia, as in experiments with mice 
(Furth and Furth"). Many feel that a 
latent period of at least a year be re- 
quired to possibly associate a case of 
leukemia with preceding irradiation 
(Court-Brown and Doll'®, Moloney*' ) 
although a very occasional case with 
a shorter latent period may seem to 
merit consideration (Graham?’). The 
length of the latent pesiod may be 
— years (Heyssel et al.**). 
Leukemia due to atomic radiation is 
similar clinically and pathologically to 
spontaneous leukemia in the Japan se 
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( Hollingsworth**, Moloney). Myelo- 
genous leukemia was much the com- 
monest, and acute leukemia occurred, 
but chronic lymphatic leukemia was 
rare (Kimball*’). The latter type is un- 
common in Japan normally. 

There have been several reports of 
the increased incidence of leukemia in 
patients with rheumatoid spondylitis 
treated by Roentgen-ray ther: apy. Some 
concern isolated 
without 

(Graham?", 


cases or groups of 
statistical reference 
Graham*', van Swaay%),. 
In a group of 31 cases of leukemia re- 
ported from Norway, § had had Roent- 
gen therapy to the spine for sage 
spondylosis (Voll and Tveit®’). In the 
past few years 3 statistical re a have 
appe ared. In Britain, Abbatt and Lea? 
in a series of 1627 men treated by radio- 
therapy for ankylosing spondylitis 
found 7 cases of leukemia deaths, 
whereas only 0.33 such death could 
have been expected. In a smaller (399 
men) group of controls no leukemia 
deaths occurred, and 0.17 would have 
been expected, a very good agreement. 
Court-Brown and Doll" conducted an 


Cases, 


intensive investigation of 13,352. pa- 
tients treated with Roentgen-ray for 
ankylosing spondylitis at $1 British 


radiothe rapy centers from 1935 to 1954. 
There were 353 deaths in this group, 
ot which 28 were due to leukemia. The 
expected incidence would have been 
29. In this country Silberberg, Froh- 
man and Duff found that 5 patients 
dev ‘loped leukemia (from 2% to 10 
years following the initial doses) in 
496 patients treated from 1938 to 1954, 
Whereas the expected incidence of leu- 
kemia in a population of this age and 
sex distribution would have been 0.29, 
an increase of 17.3 times. 

‘he theoretical possibility that there 
is im association of leukemia with 


the matoid spondylitis in the absence 
of he ‘rapeutic radiation was investi- 
in 679 cases 


gat d by Abbatt and Lea* 
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but 


of leukemia, 
cern rheumatic disease in general, and 
while their studies purport to show 
some association between unirradiated 


their statistics con- 


rheumatic disease 


category 


and leukemia, the 
“rheumatic disease” appears 
too broad to allow any conclusions to 
be drawn with reference to rheumatoid 
spondylitis. They state that they be- 
lieve that radiation plays a mi ajor part 
in the production of le ukemia in anky- 
losing spondylitis, but warn against re- 
liance on such cases in investigations 
of dose-response effects in radiation- 
induced leukemia. 

A fifth approach to the relationship 
between ionizing radiation leu- 
kemia has been made through studies 
of the incidence of leukemia chil- 
dren who had been exposed to thera- 
peutic doses of Roentgen-ray, particu- 


larly to the region of the thymus. 
Simpson, Hempelmann Fuller®’ 
reported 7 cases of leukemia in 1400 
infants who had had their thymus 


treated, whereas the expected would 
have been 0.6 case. In a control group 
of 1795 siblings there were no leukemia 


cases. In subsequent reports (Simp- 
son®*, Simpson and Hempelmann’*® ), 
this study has been extended to in- 
clude 2,074 traced treated infants, 


among whom there developed 9 cases 
of leukemia, whereas the expected in- 
cidence would be 0.9 case. In the con- 
trol group of untreated siblings no leu- 
kemia cases were observed, whereas 1.1 
cases would have been expected. 

In a study in Monroe County 
York, of 6,473 children under the age 
of 20 who had received irradiation 
for diseases other than cancer since 
1930 (about 1 in 40 born since then ) 
Murray, Heckel and Hempelmann* 
found 7 cases of leukemia in 3,224 such 
patients treated over the chest, and 
one in 1,073 cases treated about the 
head and neck. In a similar popula- 
tion that would not have been irradi- 
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ated, only 2 cases of leukemia would 
have been expected. In addition, a 
retrospective study was done on 65 of 
the 75 children dying of leukemia be- 
tween 1940 and 1957 to determine pre- 
natal and postnatal exposure. The 8 
cases cited represent 12.3% of the total. 
This percentage is 6 to 10 times greater 
than the percentage of controls receiv- 
ing “deep” Roentgen-ray therapy. An- 
other retrospective study was done by 
Polhemus and Koch*® on a group of 
251 children with leukemia, mostly 
acute lymphoge nous, seen between 
1950 and 1957, with a similar group of 
controls matched for age, location 
(California), and other details. Twelve 
(4.8%) of the leukemic children had 
received previous thymic radiation or 
its equivalent. Only two (0.8%) of 


the controls had been so treated. This 
six-fold increase he considered highly 
significant. He also found an increased 
frequency of fluoroscopy and diagnos- 


tic roentgenography in the leukemics 
as compared with the controls, 
not at a highly significant level. 
Stewart, Webb, and Hewitt" studied 
a group of 619 deaths from leukemia 
in children under 10 occurring from 
1953 to 1955 England and Wales, 
together with a control group of similar 
size matched for age, sex, and locality. 
Ninetv of the leukemia cases had had 
diagnostic Roentgen-ray exposures 
while 80 of the controls were found 
to have had such exposures. Five of 
the leukemia cases had had therapeutic 
radiation exposure and one of the con- 
trols. However, all of these therapy 
cases were instances of superficial 
therapy in girls for naevi, none being 
cases of thymic irradiation. While the 
authors state that the frequency of 
postnatal Roentgen-ray exposures was 
significantly higher than in the con- 
trols, the figures cited do not seem im- 
pressive; they admit that their figures 
indicate that the effect of postnatal 
Roentgen-ray exposure is much weaker 
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than the effect of prenatal Roentgen- 
ray exposure, of which more will be 
said in a subsequent class of evidence 
to be considered. 

In a preliminary study in this country 
by Snegireff*' of 148 children whose 
thymic areas had been irradiated prior 
to 1946, and 185 controls, no cases of 
leukemia were found either group. 
The small size of these samples does 
not permit any statistical validity. He 
quotes an unpublishe dre port by 
Farber that of 856 cases of acute leu- 
kemia recorded between 1947 and 1958 
at the Tumor Clinic of the Children’s 
Cancer Research Foundation in —— 
only 11 had Roentgen therapy in in- 
fancy, of which 5 were for Foobar 
thymus, a rate of 0.0058. Latourette 
and Hodges* reviewed 867 patients 
who had had thymic irradiation from 
1932 to 1951 and found one case of 
leukemia, within the expected case rate 
for the size and age distribution of 
this sample. A similar study by Conti 
et al? on a group of 1564 children who 
received routine Roentgen-ray 
treatment to the thymus gland in 
Pittsburgh between 1938 and 1946 dis- 
closed no cases of leukemia, although 
one case would have been expected 
in a group of this size and age distri- 
bution. In the control group of 2,923 
siblings of these children, one case of 
leukemia occurred. Conti et al. suggest 
that the difference between their find- 
ings and those in which an increased 
incidence of leukemia was found could 
perhaps be explaine -d by the small size 
of the portal used in their group (4 > 
4 cm.). Ina recent prospective study 
in Cincinnati, Saenger et al.®* found in 
1,644 children who had received Rocnt- 
gen therapy to the chest, head, or 
neck only one case of leukemia, where- 
as in 3,777 unirradiated sibling controls 
there were 3 cases of leukemia. The 
incidence of leukemia was, there! ore. 
approximately the same in both groups 

Several of the authors have poiited 
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out that one of the difficulties with this 
problem was the lack of a sizable con- 
trol group of children with enlarged 
thymuses who had not been irradiated, 
in order to exclude an association be- 
tween enlarged thymus itself and leu- 
kemia. Numerous variables, such as the 
dosage given in different groups con- 
sidered, the size of the portals used, 
and the age at which the therapy was 
administered may in part contribute 
to the difference in the findings of the 
various studies. 

It might at this point be noted that 
a recent study (Simon, Brucer and 
Hayes**) of the incidence of leukemia 
in 71,582 women treated by radio- 
therapy for carcinoma of the cervix 
showed no significant increase in such 
incidence (16 cases of leukemia devel- 
oping after the therapy) over the ex- 
pected one, even though the volume 
of bone marrow irradiated by 
therapy is not inconsiderable. 

The association of leukemia with the 
use of radioactive iodine is of interest 
in the present discussion. While no 
statistical studies have as yet been 
made, several case reports describing 
this association have appeared. These 
have been noted after the relatively 
heavier doses in cases of thyroid car- 
cinoma (Blom, Querido and Leeksma‘, 
Jelliffe be Jones”, Seidlin, Siegel and 
Yalow****), as well as after the small- 
er doses administered in thyrotoxicosis 
(Abbatt, Farran and Greene’, Burns, 
Vickers and Lowney®, Vetter and 
Hofer®*). Ten cases of the latter asso- 
ciation have now been reported, but 
as pointed out by Werner and Quim- 
by’’, as well as Vetter and Héfer*’, the 
number of patients treated with “a is 
now of sufficient magnitude that the 
occurrence of these relatively few cases 
could be a chance association alone of 
spontaneous leukemia in patients with 
thy-otoxicosis. The latter point out, 
hoy ever, a noteworthy time relation- 
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ship in that there was a period of 18 
months between the administration of 
the I,,; and the onset of acute leukemia 
in 5 of these reported cases, and they 
feel that this may be an indication of 
a causal rather than a casual relation- 
ship. Seidlin et al.®° reported 2 cases of 
acute myeloid leukemia in 16 cases 
treated by I,,; for metastatic thyroid 
cancer. Solomon and Rubenfield® re- 
port the first case of chronic ly mphatic 
leukemia associated with I,,; given for 
hyperthyroidism and_ feel that it is 
merely coincidental. Pochin**, at this 
writing, speaks of 10 additional unpub- 
lished cases of leukemia occurring in 
patients treated by radioiodine for thy- 
rotoxicosis, making a total of 18, 3 
in the United Kingdom, 10 in the United 
States, 4 in Canada, and 1 in Austria. 
He calculates that 60,000 thyrotoxic 
patients have been treated with radio- 
iodine in these four countries alone, 
with an estimated total of over 220,000 
patie nt-vears since treatment until mid- 
1960. Application of natural leukemia 
rates appropriate to the sex, age, and 
nation of these patients suggests that 
approximi ately 21 cases of “sponta- 
neous’ leukemia would have been ex- 
pected to occur among them, and so 
the present known incidence of leu- 
kemia following radioiodine therapy of 
thyrotoxicosis gives no indication that 
this treatment is inducing leukemia. He 
further indicates that the intervals be- 
tween radioiodine treatment and the 
diagnosis of leukemia in the known 
cases are consistent with a chance vari- 
ation. 

Between the time of publication of 
the preliminary communication — of 
Stewart et al. in 1956 and their final 
report™' in 1958 on the relationship 
between antenatal irradiation and the 
subsequent development of leukemia 
in children, considerable discussion 
(Rabinowitch®) was provoked as to 
the validity of the inferences drawn. 
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In the initial paper they reported that 
in 269 cases of leukemia (approxi- 
mately 1/3 of the cases of children 
under 10 dying of leukemia in the tri- 
ennium 1953-1955 in England and 
Wales ) 42 of the mothers gave a history 
of some pre-partum diagnostic Roent- 
gen-ray procedure to the abdomen, 
while in a corresponding number of 
case-matched controls, only 24 mothers 
gave such a history. A similar disparity 
was found in regard to other malignant 
diseases killing children in this trien- 
nium, but since our concern in this 
paper is with leukemia alone, noth- 
ing further shall be said of this phase 
of their work, just as the association 
with other malignancy was omitted in 
the section dealing with irradiation of 
the thymic area. In their final report, 
619 leukemia cases (and 680 other 
cancers ) are considered, but unfortun- 
ately no distinction was made between 
the leukemia cases and the cases of 


other malignancies in the presentation 
that 178 mothers of the combined 


groups (leukemia and other malignan- 
cies) had reported abdominal roent- 
genologic examinations during the 
pregnancy whereas only 93 of the con- 
trols had reported such examinations. 
It is interesting that in a breakdown 
of the time during pregnancy that these 
examinations occurred, a vast majority 
occurred after the fifth month, yet 
the authors state that “the variations 
in the second half of pregnancy (i.e. 
between case and control figures) all 
lie within the accepted range of chance 
variation.” Nevertheless, in their sum- 
mary they state that the freque ney of 
prenati il irradiation was “significantly 
higher among the dead children than 
among the live children,” but they 
conclude that “foetal irradiation does 
not account for the recent increase in 
childhood malignancies, but the find- 
ing of the case excess for this event 
does underline the need to use mini- 
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mal doses for essential medical x-ray 
examinations and treatment.” 

In a similar study Ford, Paterson 
and Treuting't investigated 78 leu- 
kemia deaths in children under 10 oc- 
curring in Louisiana during 1951-1955. 
Their control group consisted of 306 
children (matched for age, sex, and 
race) who had died of other causes 
The controls were, therefore, of a dif- 
ferent category from Stewart's. She 
found that 26.9% of the leukemics had 
antenatal exposure, and 18.3% of the 
controls, and she concludes: “These 
differences, while suggestive, do not 
justify a conclusion that the relative 
frequencies of exposure to antenatal 
irradiation differ in the populations rep- 
resented by the sample data. It is the 
similarity of the results in this study 
and that of Stewart that is of primary 
interest.” 

From Norway, Kjeldsberg*! reported 
on 55 leukemic children together with 
55 controls. He found five (9%) of 
the leukemic cases had had aedaiad 
irradiation and eight (14.57) of the 
controls and, therefore, did not = cor- 
roborate Stewart's or Ford's findings. 
At the present writing Court-Brown, 
Doll and Hill'? report on 39,166 chil- 
dren born to women who had abdomi- 
nal roentgenologic examinations in 5 
metropolitan hospitals in 1945-1946 and 
found 9 deaths from leukemia, whereas 
10.5 deaths would have been expected. 
Their findings again did not confirm 
those of Stewart and Ford. In_ the 
study of Murray, Heckel and Hempel- 
mann** there was no indication of ex- 
cess irradiation of the leukemic group 
in utero as compared with the controls. 
In fact, some of the control 
had slightly higher pelvimetric «nd 
other abdominal Roentgen-ray exinl- 
nation percentages than the leuke nic 
group, but because the cases invol ed 
were few, valid testing was impossi le. 
In 40 cases of leukemia in children seen 


March: 


in one clinic in Budapest from 1953 
to 1957, Gefferth'® found that the per- 
centage of antenatal exposure was 
somewhat greater than in 346 controls 
(children being seen at the clinic for 
some other condition ), but he does not 
consider this Train® found 
one case of leukemia in 3,043 mothers 
who had Roentgen-ray ia ‘Ivimetry at a 
maternity hospital from 1945 to 1956. 
There was no control group. This find- 
ing is not significant of any increased 
incidence. In Cornwall, Wood?! found 
in two institutions during an S8- and 
ll-year period, respectively, a total of 
713 pregnant women who had either 
abdominal Roentgen-ray examinations 
or Roentgen pelvimetries, and no leu- 
kemic child was found resulting from 
any of these pregnancies. Of the 20 
cases of leukemia in children under 10 
that occurred in the years investigated, 
the mother of only one had had an 
abdominal Roentgen-ray during preg- 
nancy. In 1958, McM: thon*! reported 
1 1% sampling (about 2500) of all the 
children born alive in 11 selected ma- 
ternity hospitals in New York City be- 
tween 1947 and 1954, and it was found 
that the percentage of their mothers 
who had received pre-partum diagnos- 
tic Roentgen-ray examination (7.3%) 
corresponded exi actly to the percentage 
of pre-partum irradiated mothers of 
children under 10 subsequently dying 
of leukemia and other cancer during 
this period who had been born in these 
hospitals. Kaplan**, in 1958, reported 
his findings in children dying of acute 
kukemia in California in 1955 and 
1/56. Using two sets of controls, the 
ciild’s closest sibling and the child’s 
h:bitual playmate, and _ investigating 
the prenati al radiation history in all 
three groups, he found « equivocal re- 
silts depending on which set of con- 
tr ls one used for comparison: abdomi- 
n: | Roentgen-ray exposure was signifi- 
ently more frequent in the pregnancy 
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of the leukemic child than during the 
sibling pregnancy but not compared to 
the pregnancy of his unrelated play- 
mate. Kaplan concludes that the evi- 
dence regarding the leukemogenic 
hazard of pelvimetry is still unconvine- 
ing. In a study at a British maternity 
hospital, Lewis’ was able to find § 
cases of children under 10 years dying 
of leukemia from 1953-1958 that de- 
veloped among 45,195 live births be- 
tween 1943 and 1958, whereas 6.6 
cases would have been expected. Seven 
of these received no prenatal irradia- 
tion, an incidence of 1: 1808 among the 
12,657 non-irradiated live births for a 
6-vear period. Only one received pre- 
natal irradiation, an incidence — of 
1:4291 among the 4,291 pre-partum 
irradiated live 

A report by Manning and gage 
that in ISS cases of leukemia in chil- 
dren under 14 she found 36 alain 
(19.57) had received radiation therapy 
prior to or during pregnancy compared 
with 11.9% of control mothers does not 
merit consideration in this respect be- 
cause of the irrelevant lumping of 
“prior to” with “during” and because 
these figures are based on unverified 
answers to a questionnaire. Moreover, 
in practically all of these cases the ther- 
apy was to a site remote from the ab- 
domen, and the majority was derma- 
tologic. 


births during a 6-year 


It is generally agreed that there is 
a causal relationship between ionizing 
radiation and some cases of leukemia. 
The nature of this relationship is under 
continued investigation, particularly in 
regard tothe dose-response aspect. 
The study of Court-Brown and Doll!” 
on ankylosing spondylitis was  signifi- 
cant from this. st: indpoint since the 
doses were known. They feel that fol- 
lowing all but the highest doses of 
radiation there is a linear relationship, 
that is, the incidence of leukemia is 
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directly proportional to the dose re- 
ceived. by the bone marrow (Court- 
Brown*’, Court-Brown Doll'®) 
However, in the introduction to the 
report, the British Medical Research 
Council’® states that “It is possible to 
derive more than one type of dose- 
response relationship from the data.” 
The most controversial aspect, however, 
is whether this linear relationship holds 
for very small doses or whether there 
is a threshold below which leukemia 
is not produced. Court-Brown’ feels 
that a non-threshold effect; that is, a 
simple proportional relationship hold- 
ing for even the lowest doses, is a 
reasonable working hypothesis. On this 
the Council says with commendable 
conservatism, “One cannot either extra- 
polate the data to obtain an indication 
of the possible leukemogenic effects of 
small doses of radiation or obtain it 
directly since few of the patients had 
received less than a mean dose of 250 
r to the bone marrow.” It is worthy of 
note that the doses and portal sizes 
used in these cases are generally larger 
than is customary in this country. The 
findings of Court-Brown and Doll and 
of Abbatt and Lea have been discussed 
and evaluated by a number of writers, 
including Hempelmann**. 

The data (Heyssel et al.**, Lewis*® ) 
from the atomic bombs of Hiroshima 
and Nagasaki have been accepted by 
most to show a linear dose-response 
relationship since there was an increas- 
ing number of leukemia cases as one 
approached the hypocenter, and the 
dose received, of course, varied crudely 
with the distance. This held for dis- 
tances corresponding to dosages above 
50 or 75 r (Heyssel and Meneely?*, 
Hollingsworth"). Here also the data 
provide no evidence for or against a 
threshold dose below 75 r (Heyssel 
and Meneely**). Brues®, however, 
states that the present data from the 
atomic bombings “are at least as com- 
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patible with a physiological mecha- 
nism linking leukemogenesis with in- 
itial severe hematopoietic damage, or 
with some other non-linear relation, 
as they are with one assuming an ef- 
fect that is strictly linear with dose.” 
Brues likewise feels that the actual 
data of Court-Brown and Doll's work 
with ankylosing spondylitis indicate 
that a working hypothesis of linearity 
is a less probable one than one that 
assumes a threshold or non-linear re- 
lation. Since a pa of thresh- 
old dose by an extrapolation of high 
dose data is fraught with difficulties 
and uncertainties, one must examine 
the only direct evidence in man that 
small doses of radiation delivered in 
a relatively short time are leukemo- 
genic, namely, the studies of Stewart, 
Webb and Hewitt" and Ford, Paterson 
and Treuting' on the influence of ante- 
natal Roentgen-rays. 
above, this 
convincing. 
A widely quoted paper by Lewis* 
analyzes the reported di ita on the 
atomic bombings, Court-Brown and 
Doll's data on ankylosing spondylitis 
Simpson's data on ‘thymic irradiation, 
and the data on leukemia in radiolo- 
gists. He accepts the linear dose- 
response relationship of the bombings 
and the spondylitis cases, and after 
making certam assumptions, he derives 
from each of these four sources a prob 
ability of developing leukemia per in- 
dividual per rad per year that approxi 
mate each other to a fair degree 
Brues®, however, points out certain 
flaws in this approach and concludes 
that present data on human leukemo- 
genesis fail to indicate a linear relation 
between dose and effect. A linear hy- 
pothesis cannot be ruled out. stati 
tically because of the paucity of t! 
data, but he states that it is less pro! 
able than a non-linear or thresho':! 
relation. Moreover, he makes tie 
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further point that other instances in 
which carcinogenic agents have been 
examined from the standpoint of dose 
and dose-rate relations show many 
clear instances where the relation is 
non-linear and none in which linearity 
is unquestionably demonstrated. Kim- 
ball®® concludes from a strict statistical 
viewpoint that Lewis's presentation 
neither supports nor disproves the hy- 
pothesis of linearity. Hempelmann also 
calls attention to corrections that should 
be made in Lewis's calculations". 

Summary. |. The incidence of death 
from leukemia in radiologists in the 
United States for the decade 1949 to 
1958 is about four or five times as great 
as in non-radiological physicians. 

2. This is approximately one-half the 
differential that existed in the preced- 
ing two decades. 

3. It is anticipated that with aware- 
ness of the problem and the taking of 
adequate protection by radiologists, 
this differential will tend to diminish 
still further, but will not entirely dis- 
appear. 
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4. There is no doubt concerning the 
causal relationship of ionizing radia- 
tion with some cases of leukemia. A 
review of the major avenues of evi- 
dence for this relationship has been 
presented. The most positive evidence 
comes from the experimental labora- 
tory, from the atomic bombing data, 
from the studies in radiologists, and 
from Roentgen therapy in ankylosing 
spondylitis. Quite suggestive evidence 
comes from irradiation of the infantile 
thymus. Quite doubtful evidence has 
been associated with the therapeutic 
use of radioactive iodine and with ante- 
natal fetal diagnostic irradiation. 

5. The majority of informed opinion 
holds that the evidence points toward 
a linear dose-response relationship in 
radiation leukemogenesis, but there is 
good authority also for the concept of 
a non-linear relationship. As to whether 
there is a linear relationship for small 
doses or whether there is a threshold 
dose, this remains an unsettled prob- 
lem. 
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SUMMARIO IN INTERLINGUA 


Leucemia in Radiologos. Dece Annos plus Tarde Con un Revista del Datos 
Pertinente con Respecto a Leucemia de Radiation 


1. Le incidentia de morte ab leucemia in radiologos in le Statos Unite pro le 
decennio ab 1949 ad 1958 esseva circa quatro o cinque vices plus grande que in 
medicos non-radiologic. 

2. Isto es approximativemente un medietate del differentia que existeva in le 
duo precedente decennios. 

3. Il es a expectar que le familiaritate con le problema e le uso de adequate 
protectiones per le radiologos va resultar in un reduction additional de ille 
differentia, sin unquam abolir lo completemente. 

4. I] existe nulle dubita con respecto al relation causal inter radiation ionisante 
e certe casos de leucemia. Es presentate un revista del major typos de evidentia 
in supporto de iste relation. Le evidentia le plus positive veni ab le laboratorio 
experimental, ab collectiones de datos relative al bombardamentos atomic, ab 
studios in radiologos, e ab le roentgeno-therapia in casos de spondylitis ankylo- 
sante. Evidentia de fortia multo suggestive veni ab le irradiation del thymo 
infantil. Evidentia de valor dubitose es illo associate con le uso therapeutic de 
iodo radioactive e con irradiation diagnostic fetal ante nato. 

Le majoritate del expertos opina que le evidentia supporta le existentia de un 
relation linear inter dose e responsa, sed le concepto de un relation non-linear 
es etiam supportate con bon autoritate. Si il existe un relation linear pro micre 
doses o si il existe un dose limine remane un question controverse. 
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THE potential danger of radium de- 
posited in the body came to public 
and professional attention in a dramatic 
fashion in the 1920's (Blum?), when 
girls tipping their brushes in a lumin- 
izing paint solution were discovered 
to be suffering from osteitis, profound 
anemia, and in some cases osteogenic 
sarcoma (Castle, Drinker and Drinker*). 
In a remarkably parallel fashion, in the 
early 1940's a number of young women 
engaged in fluorescent lamp manufac- 
ture developed a clinical syndrome of 
recognizable consistency which proved 
to be related to the inhalation of cer- 
tain beryllium compounds (Hardy and 

Tabershaw"' ). Many of these cases 
also were dramatic. The wish to guard 
trade secrets and avoid compensation 
claims led to confusion in delineating 
this industrial illness. European litera- 
ture of the 1930's (Gelman"!, Meyer", 
Weber and Englehardt**) had described 
disease in several beryllium-using indus- 
tries. A number of animal studies done 
for a variety of reasons in laboratories 
here and abroad proved many beryl- 
lium compounds to be toxic. These 
data were not utilized or were mis- 
interpreted in the United States prior 
to 1945 (Hyslop et al.'*). In this year, 
Van Ordstrand*! described an acute 
reaction to acid salts of beryllium, 
which reversed when exposure ceased. 
Such exposures, if intense, produced a 
chemical pneumonia with such a 


Roentgen-ray picture, and resulted i 
fatal pulmon: ry edema in a few cases. 
Less intense exposures of varying 
duration to certain toxic compounds 
may cause both a subacute (Aub and 
Grier!) and chronic form of beryllium 
poisoning in workers (Hardy and 
Stoeckle™, Hardy and Tepper" *) and 
in neighbors (Chesner*). It is the diag- 
nostic criteria of the chronic disease 
which are here discussed. The reasons 
for presentation of this knowledge are 
several. The diagnosis of chronic 
beryllium intoxication may be difficult. 
The clinical character is very like other 
diseases, notably sarcoidosis, and also 


TABLE 1.—DELAY IN ONSET— 
CHRONIC DISEASE 


No. of 

Cases 
Less than 1 month 126 
1 month to 1 year 27 
1 to 5 years 89 
5 to 10 years 56 
More than 10 years 12 


(Beryllium Registry Data ) 


miliary tuberculosis, plus the vast ar 
ray of diseases presenting miliary den- 
sities on chest roentgenogram with and 
without such nonspecific symptoms as 


dyspnea and cough. In addition, there 


may be a delay in onset between ill- 
ness (Table 1) and the last exposure 


*Read at the Annual Meeting, Association of American Physicians, Atlantic City, May 2, 1961 
Work reported here was supported in part by a research grant from the Division of Biolog) 
and Medicine of the Atomic Energy Commission and in part by grant No. 3812 from th: 
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to toxic beryllium compounds varying 
in time to as long as 5 to 10 years 
and in a few cases longer. A Registry of 
cases of beryllium disease begun in 
1951 now has on file 650 records, and 
here the help of the many participating 
physicians is gratefully acknowledged. 
Forty cases have been entered since 
Janu: ry, 1959; 11 of these during 1959, 
27 during 1960, and 4 since January, 
1961. This continuing appearance of 
cases is associated with the striking 


delay in onset as well as the spreading 


awareness of the disease. 
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in 1956, and plans call for an increase 
of this total to 20,000 tons a year. The 
list of uses for beryllium gives an idea 
of its widespread value to industry and 
research. The variety of operations 
(Table 3) which may be involved in 
ines: usage illustrates the need to 
question a worker-patient in detail. 
How does a case of chronic beryllium 
disease present itself? The initial pic- 
ture is usually one of pulmonary in- 
volvement. This may be a discove ry by 
chance of densities seen in a routine 
chest roentgenogram, or patient com- 


TABLE 2.—BERYLLIUM USES 


Fluorescent lamps 

Neon Signs 

Nuclear reactors 

Space vehicles 

Guidance systems components 


Aircraft manufacture 
Electronics (Roentgen-ray tubes ) 
Alloys (with Cu, Al, steel) 
Bicycle wheels 

Fishing rods 


TABLE 3.—BERYLLIUM-USING OPERATIONS 


Beryllium Metallurgy 

Be Extract.—all operations 

Be Ceramic—mnixing, pressing 

Fluor. powder—mixing 

Fluor. lamp manufacture— 
Coating, sealing, salvage 


Another important reason for discuss- 
ing beryllium poisoning is the ignor- 
ance of physicians and patients of the 
quality and quantity of work exposure 
which may be responsible for the ill- 
ness. One needs to know that be ryl- 
lium has been useful (Table 2) in 
many ways in industry and will be in- 
creasingly so as man explores space 
Kaufman'?). This is because when 

wlloyed with other metals it imparts 

lightness, hardness, and resistance to 
heat and stress. It is a source of neu- 
trons when bombarded with alpha 
particles. To give a notion of the de- 
and for beryllium, requirements in- 
creased production of. the ore from 
ss than 1,000 tons in 1938 to 12,500 


Be compounds—manufact. 

Atomic energy development 

Alloy manufact.—melting, casting 

Alloy use—machining, grinding 

Neon signs—coating, cutting, 
repair 


plaint of dyspnea, cough, and weight 
loss leading to chest roentgenogram. 
In a number of cases manifest clinical 
illness apparently follows such a stress 
as pregnancy, infection, or surgery. This 
listing of symptoms (Table 4) from 
the Registry cases shows these to be 
not unique for a single disease. The 
objective findings and the recorded 
complications (Table 5) present evi- 
dence that toxic beryllium effect pro- 
duces a systemic intoxication with in- 
volvement of several organs and sys- 
tems, not exclusively localized pulmo- 
nary lesions (Hall et al.’*). 

Further evidence of the systemic 
character of this chemical intoxication 
(Table 6) is provided in this compila- 


56,152 


tion of laboratory indices that may be 
abnormal as, for example, changes in 
serum proteins and hypercalcuria lead- 
ing to calculi. 

Chronic beryllium disease presents 
a wide spectrum of clinical pictures. A 
small number of patients, followed for 
several years, continue to have such bi- 


TABLE 4.—SYMPTOMS (PER¢ 
650 REGISTRY 


Dyspnea 
On exertion 69 
At rest 17 


Weight loss 
More than 10% 46 
0 to 10% 15 
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liver 
and spleen, and stone formation, who 


roentgenogram, enlargement of 
go through uncontrollable bouts — of 
fever, and remain dependent — on 
steroids and oxygen therapy for exis- 
tence. This chronic poisoning is a dis- 
ease of long course with remissions and 
reason, the 


exacerbations. For some 


AS OBSERVED IN 
CASES, 1959) 


Cough 
Nonproductive 45 
Productive 3 
Chest pain 3 
Anorexia 26 
Weakness 17 
Joint pains 8.5 


TABLE 5.—SIGNS (PERCENTAGE OBSERVED IN 


650 REGISTRY 


Chest signs 13 
Cyanosis 12 
Clubbing 31 
Hepatomegaly 5 
Splenomegaly 3 


CASES, 1959) 


Complications 


Cardiac failure 17 
Renal stone 10 
Pneumothorax 12 


(Signs are not included when they are 
attributable to cardiac failure ) 


TABLE 6.—SUPPORTING 


LABORATORY EVIDENCE 


Chest Roentgen-ray densities involving all lung fields 
Alveolar capillary block on lung function study 


Increase in total proteins 


Relative increase in gamma globulin 


Hypercalciuria 


Evidence of right heart strain 


No change in tuberculin 
Increase in hematocrit 
Disturbed liver function 


Negative nitrogen balance 


lateral chest roentgenographic changes 
only. There are other patients with 
mild to moderate disability, complain- 
ing of cough, dyspnea, weakness, who 
have varying degrees of diffusion defect 
with resulting oxygen unsaturation. 
There are still other patients, com- 
pletely disabled, with obvious serious 
lung destruction as reflected in the 


reactivity 


55 cases of illness occurring among 
neighborhood women and_ children, 
with a 60% mortality, demonstrate this 
to be a more serious form of the dis- 
ease than the worker illness, with 2S 

mortality (Peyton and Worcester!’ 

It is interesting that of the neighbor- 
hood patients, some became ill by in- 
haling beryllium because of living 
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within 4 mile of a plant which took no 


control the hazard; 
some were exposed to heavily con- 
taminated clothes; and some to a com- 
bination of these two sources of toxic 
materials. 


precautions to 


Favorable response to continuous 
use of steroids is the rule, but to date 
follow-up of treated cases with lung 
function study and close clinical obser- 
vation shows slow but relentless pro- 
gression of the disease in most cases 
and little evidence of complete recov- 
ery. As might be expected, the most 
frequent cause of death is cor pulmo- 
nale. Pulmonary insufficiency is next, 
and complicating infection is reported 
as third most important. There are few 
cases of tuberculosis in the documented 
chronic beryllium series, even though 
many patients spent months exposed 
to active acid-fast infection in sanatoria 
due to mistake in diagnosis. There are 
only 3 cases of cancer of the lung in 
the 650 Registry cases despite the evi- 
dence that beryllium produces pulmo- 
nary cancer in laboratory animals. 

The difficulty in establishing with 
certainty a diagnosis of be sryllium 
poisoning can be emphasized by 3 
Cases: 


Case Reports. case 1. A 27-year-old man 
spent some months in a local tuberculosis 
sanatorium because of chest roentgenographic 
changes and cough, during which time no 
evidence of tuberculosis was established. Be- 
cause he lived near a beryllium-using plant, 
he was referred for study with a diagnosis of 
neighborhood beryllium poisoning. Lung 
biopsy showed granulomatous disease but no 
bervllium present. Within a year the chest 
roentgenogram became normal, 
the final diagnosis of sarcoidosis. 

c\seE 2. The case of C.M., a 34-year-old 
Woran, reported in full by Sprague and 
Ha ly2® is representative of small series 
Sug ‘esting that cases of beryllium disease may 
go unrecognized. Because of joint pains, 
we: «ness, cough, dyspnea, low grade fever, 
wei ht loss, and a cardiac murmur a diagno- 
sis >of rheumatic heart disease was made. 
Mil iry densities in both lungs, apex to base, 


confirming 
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seen on roentgenogram coupled with a_his- 
tory of eighteen months’ exposure to  beryl- 
lium compounds in fluorescent lamp manufac- 
ture suggested a diagnosis of beryllium poi- 
soning. Skin lesions, indistinguishable from 
those of Boeck’s disease, were present and 
when biopsied revealed non-caseating granu- 
lomata and beryllium in the tissue by spectro- 
graphic analysis, confirming the diagnosis. 
Eight years later, while improved, the chest 
roentgenogram is not clear and dyspnea on 
effort requires steroid therapy. 

case 3. 42-year-old draftsman had 
worked 6 months in a fluorescent lamp man- 
ufacturing plant where he was heavily ex- 
exposed to beryllium compounds during the 
time it was held that no hazard existed. He 
suffered cough, dyspnea, weight loss, joint 
pains, weakness for 9 months. 
these symptoms and an abnormal chest roent- 
genogram a variety of diagnoses: asthma, 
polycythemia vera, bronchiolitis obliterans, 
sarcoidosis, were advanced. He showed cyan- 
osis and clubbing and lung function study 
demonstrated the diffusion defect of a marked 
alveolar-capillary block. Biopsy, with beryl- 
lium detected in the tissue, made certain 
the diagnosis of chronic beryllium disease. 
After 9 years on steroid drugs this man, while 
still dyspneic on effort, and without change 
in his roentgenogram, is greatly improved and 
works steadily. 


Because of 


These cases help to illustrate the 
fact that the diagnosis rests primarily 
on establishing such exposure to toxic 
beryllium compounds as a considerable 
body of evidence shows to be enough 
to produce disease. Strong epidemio- 
logic evidence or finding beryllium in 
tissue or urine, or both, are the means 
at hand (Cholak*®, Cholak and Hub- 
bard*®). Such evidence of toxic expo- 
sure with the described supporting clin- 
ical and laboratory data confirm the 
diagnosis. 

Curtis has suggested’* a beryllium 
patch test to aid diagnosis. There is 
not agreement that a negative test rules 
out beryllium poisoning. In addition, 
there is some evidence that use of such 
a test may exacerbate (Waksman**) 
toxic beryllium effect. 

It is important to emphasize that 
knowledge of this occupational disease, 
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its natural history, clinical variants, 
prognosis, and complications, is still 
accumulating, so that it is not possible 
to speak now with finality of all diag- 
nostic criteria. 

Pathologists do not agree that there 
are unique characteristics of beryllium 
lesions. Freiman points out that the 
similarity between the pathological 
picture of farmers’ lung, due to inhala- 
tion of mouldy hay, and that of chronic 
beryllium poisoning emphasize the 
fact that material from biopsy and nec- 
ropsy is only one criterion for diagno- 
sis (Frank®, Freiman!® ). 


TABLE 7.—DIFFERENTIAL POINTS, 
BOECK’S AND BE DISEASE IN’ BE 
DISEASE TO DATE: (1961) 

No hilar adenopathy alone 

No ocular involvement 

No uveoparotid fever 

No cystic bone changes 

Low rate of active tuberculosis 
No change in tuberculin reactivity 
Less favorable prognosis 

Slower response to steroids 


Thus, differential diagnosis between 
beryllium disease and sarcoidosis, the 
most difficult diagnostic problem, at 
present rests on the establishment of 
beryllium exposure. However, there 
remain several striking differences be- 
tween the two diseases, although 
further experience with the occupa- 
tional illness may alter these (Table 7). 
There is no change in reaction to tuber- 
culin as in sarcoidosis. No eye, tonsil, 
parotid, or cystic bone lesions have as 
yet been reported in the chemical in- 
toxication and no case of beryllium 
poisoning with hilar adenopathy alone 
has been reported. Increase in know]- 
edge of both sarcoidosis and beryllium 
disease may alter the present fact that 
the former appears to carry a better 
prognosis and more favorable, lasting 
response to steroids. 
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This communication is intended to 
draw attention to the present state of 
knowledge of a man-made disease ot 
relatively recent description in the 
United States. Current and intended 
use of potentially harmful compounds, 
delay in onset of be ryllium-related ill 
ness, and similarity to other granulo- 
matous disease (especially sarcoidosis ) 
make beryllium poisoning a continuing 
diagnostic problem. 

Summary. Reports of disease be- 
lieved related to exposure to toxic 
beryllium compounds appeared in 
European medical literature in the 
early 1930's. In the United States, the 
development of fluorescent lamp man- 
ufacture requiring the use of certain 
beryllium compounds resulted in job- 
related illness recognized in the middle 
1940's. The decision to use the element 
and its alloys in nuclear reactor devel- 
opment, space vehicles, and guidance 
systems, has created a demand _ for 
knowledge of the harmful effects of 
toxic beryllium compounds and _ their 
prevention. 

A Registry of recognized cases of 
be ryllium disease begun in 1951 now 
has on file 650 records received from 
physicians. About 24% of these patients 
are dead. Forty-two cases have been 
entered in the Registry since January, 
1959: 11 in 1959, 27 in 1960, and 4 
since January, 1961. These 650 cases 
arise from more than 70 companies, 
representing a dozen different opera- 
tions. 

The diagnosis of the chronic form 
of beryllium disease may be difficult. 
Signs and symptoms are not unique 
and there may be a delay in onset of 
manifest illness from the last berv!- 
lium exposure of as long as 15 years. 
In addition, chronic beryllium poison- 
ing mimics other diseases, most strik- 
ingly sarcoidosis (Table 7), a clinical 
entity recognized more frequently in 
recent years in this country. 
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Since beryllium disease has been likely sources of toxic exposures are 
documented in the United States for described (Table 3) to aid the clini- 
only 15 years, its natural history, clinical cian in diagnostic evaluation of occupa- 
variants, prognosis, and therapy are as tional histories of patients suspected 
yet not well understood. In addition, of having chronic beryllium poisoning. 
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SUMMARIO IN INTERLINGUA 
Morbo a Beryllium: Un Continue Problema Diagnostic 


Reportos de maladia presumptivemente relationate al exposition a toxic com- 
positos de beryllium appareva in le litteratura medical. de Europa durante le 
prime annos post 1930. In le Statos Unite, le disveloppamento del fabrication 
de !ampas fluorescente (que require le uso de certe compositos de beryllium ) 


» tesultava in maladia a base occupational, primo recognoscite al medio del quinte 


decennio. Le decision de usar le elemento e su alligatos in le disveloppamento 


_ de reactores nucleari, de vehiculos cosmonautic, e systemas de commanda ha 
| create un demanda pro informationes in re le effectos nocive del toxic compositos 


de beryllium e le possibilitate de su prevention. 

Un Archivo de recognoscite casos de morbo a beryllium, mantenite depost 
1951, contine hodie 650 protocollos recipite ab medicos. Circa 24% de iste 
paticntes es morte. Quaranta-duo casos representate in le Archivo esseva re- 


por!xte depost januario 1959, i.e. 11 in 1959, 27 in 1960, e 4 depost januario 1961. 
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Iste 650 casos proveni ab plus que 70 companias que representa un dozena de 
differente processos. 

Le diagnose del forma chronic de morbo a beryllium es a vices difficile. Le 
signos e symptomas non es distinctive, e il pote occurrer un retardo in le 
declaration manifeste del morbo per usque a 15 annos a partir del ultime 
exposition a beryllium. In plus, chronic invenenamento per beryllium simula 
altere morbos, incluse—como exe mplo particularmeate frappante—si arcoidosis que 
es un entitate clinic re cognoscite plus frequentemente in recente annos in iste 
pais. 

Viste que morbo a beryllium es documentate in le Statos Unite solmente 
depost 15 annos, su historia natural, su variantes clinic, su prognose, e su therapia 
es non ancora ben comprendite. In plus, fontes probabile de exposition toxic 
es describite, como adjuta pro le clinico in su evalutation diagnostic del ante- 
cedentes occupational de patientes in qui il existe le suspicion de chronic 
invenenamento per beryllium. 


SUMMARIO IN INTERLINGUA 
(See page 211 for original article) 
Disgranulation del Basophilo in le Homine, Inducite per Lipemia Alimentari 


Nos ha trovate que lipemia postprandial es associate specificamente con dis: 


granulation del basophilos. Tal disgranulation basophilic es reguardate como 
le mechanismo del liberation physiologic de heparina e ergo como importante 


in le reaction del clearing. In plus, lecithinase A es reguardate como possibile 
mente interessate in iste mechanismo. 

Viste que le leucocyto basophilic es un cellula delicate e rar, un method 
special ha essite empleate in su manipulation. Le methodo consiste del fixatior 
de 0,1 ml de sanguine venose in un fixativo acido-alcoholic. Isto destrue | 
erythrocytos, de maniera que le leucocytos remane suspendite in un_ solution 
clar. Le leucocytos es alora concentrate per medio de un filtro de cellulosa 
e le basophilos es tincturate specificamente. Le filtro con le leucocytos es 
montate e quaranta consecutive basophilos es categorisate in distincte gruppos 
a base de lor dimensiones, lor proprietates tincturatori, e le location de lor 
granulos basophilic. 

Un respasto de butyro (4 g per kg) causava disgranulation del leucocytos 
basophilic intra 2 a 3 horas in circa 75% del subjectos studiate. Nivellos d 
triglycerido de 8 mEq per L. 0 plus esseva associate regularmente con grados 
significative de disgranulation basophilic. Esseva trovate nulle correlation inter 
le grado de disgranulation e le nivellos de phospholipido o cholesterol. Margarina. 
que es ric in non-saturate acidos grasse, monstrava le mesme effecto disgranula 
tori como butyro. Repastos consistente primarimente de hydratos de carbon 
o de proteinas esseva sin effecto significative. Le mesmo valeva pro un dos 
unic de cortisona (200 mg). 
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BETA-HEMOLYTIC STREPTOCOCCAL PNEUMONIA: 


REPORT OF 


By Lr. 


AN OUTBREAK IN 


C. C. WeLcu, 


‘TOMBRIDGE, 


A MILITARY POPULATION® 


MC, USN 
MC, USNRt 


Lr. W. J. Baker, MC, USN 


AND 


Lr. R. J. Kinney, MC, USN 


(From the Departments of Medicine and Pathology, U.S. Naval Hospital, Great Lakes, Illinois ) 


Tue attention of the present day 
physician is directed to the beta- 
hemolytic streptococcus mainly in its 
relation to pharyngitis and rheumatic 
fever, with an occasional reference to 
glomerulonephritis. Except for World 
Wars I and II, little mention is made 
of pneumonia caused by this organism. 
Standard textbooks of medicine and 
pathology speak of it only in briefest 
form. That it may yet be of more than 
historical interest was brought forcibly 
to our attention during the winter 
months of 1959-1960, when 20, young, 
previously healthy Navy men devel- 
oped pneumonia caused ‘by this agent. 
One, the first, died of it. 

There is a rather predictable inci- 
dence of bronchopneumonia in the 
young recruit population at this instal- 
lation which numbers about 10,000. 
During the peak season, approximately 
200 hospital admissions monthly are 
pneumonia. In nearly ‘all of 
these, white blood counts are under 
10,000 per cmm. and throat and 
spu‘um cultures fail to grow pathogenic 
bac eria. Despite unsuccessful efforts 
to solate any significant number of 
Vir! ses, about 95% are presumed to be 
in etiology. 


the following fulminating 
beta-he molytic stre ptococcal 
pneumonia alerted us to the proble m. 


However, 
case of 


Case Reports. case 1. F.J.G.: This 17- 
year-old, Seaman Recruit, had been well 
until the evening prior to the day of admis- 
sion, October 12, 1959, when he developed 
fever, cough, left chest pain and a general- 
ized erythematous rash. He was hospitalized 
at his dispensary where the rash was felt 
to be that of rubella, and then transferred 
to the contagion ward of this hospital. Physi- 
cal examination on admission showed a well- 
developed, well-nourished, comfortable, ori- 
ented male, with an oral temperature of 
101.8° F., a moderately injected pharynx, 
and rales over the left lower lung field. 
Laboratory work on admission revealed the 
white blood count to be 19,800 per c.mm. 
with a “shift to the left” in the differential 
count. The erythrocyte sedimentation rate 
was 46 mm. per hour. The urinalysis showed 
10 mg. per 100 ml. protein. The admission 
chest film demonstrated a left lower lung field 
pneumonia with minimal pleural effusion. 

During the first 2 days of his hospital 
course, he did fairly well, but he continued 
to be febrile and to complain of left chest 
pain on deep breathing and coughing. On 
the morning of the third hospital day, he 
developed respiratory distress, his extremities 
became cyanotic, and his blood pressure fell. 
At this time, culture of the throat obtained 
on admission was reported to show beta- 
hemolytic streptococcus, group A. Penicillin 
and erythromycin, along with levophed were 


he opinions expressed herein are those of the authors and do not necessarily reflect the 


viev of the Navy Department. 


»w Associate Pathologist, the Snodgras Laboratory of Pathology and Bacteriology, St. 


Lou , Missouri. 
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Fig. 1.—Portable roentgenogram of the chest in Case 1 on October 13, 1959, o~—— . yi 
sive pneumonic infiltration in association with minimal pleural effusion in the left lowe 
lung field. 
Fig. 2.—Portable roentgenogram of the chest in Case 1 on October 15, 1959, “"* — 
thoracentesis shows a pneumothorax with partial collapse of the left lung. The in . 
pneumothorax is seen extending along the left lateral wall into the left apex and along 
mediastinum medially. 
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intravenously. A repeat chest film 
showed the left chest to be almost completely 
obliterated. Thoracentesis yielded 1000 ml. 
of greenish-yellow fluid. He continued a 
downhill course, became comatose, and ex- 
pired during the late afternoon of that day. 
Preceding death, the above noted rash had 
become confluent, erythematous, and blanched 
on pressure—more like that of scarlet fever. 


given 


Culture of the pleural fluid beta- 
hemolytic streptococci (see Figs. 1 and 2). 
Necropsy Findings: Gross: External ex- 


amination was unremarkable except for gen- 
eralized mottled cyanosis and a small thora- 
cotomy incision in the left lateral mid-chest 
area at the site of surgical drainage. In 
the left pleural cavity, there was no free pus 
or fluid; however, all the pleural surfaces 
were coated by a thick layer of fibrinopurulent 
exudate. The pericardial and right pleural 
cavities were uninvolved. The spleen, kidneys, 
and liver were increased in weight by about 
a third, and the cut surfaces of the liver and 
kidneys were pale. The collecting systems of 
the kidneys appeared normal. Lymph nodes 
were enlarged and soft generally. The heart 
was entirely free of gross lesions. 

The main gross postmortem findings were 
found in the lungs. The right lung weighed 
850 em. and the left 1560 gm. The left lung 
was completely consolidated and airless, while 
the right lung was edematous, but not grossly 
pneumonic. The bronchi, especially on the 
left, contained much bloody purulent fluid. 
The cut surface of the left lung was striking 
in appearance, with the bronchi and _ their 
finest branches prominently outlined due to 
their engorgement by pus, and separated by 
lung parenchyma varying in color from dark 
red to tan. The left lower lobe was particu- 
the proximal one-half being 
dark red and moderately firm and sharply 
light tan, completely 
consolidated peripheral zone. The right lung 
on section showed only edema and conges- 
tion, and unlike the left lung, its bronchi 
were not clogged with pus. Postmortem cul- 
tures taken from the left lung, pleural cavi- 
ties, and heart blood showed no growth. 
How:ver, the patient had received massive 
doses of penicillin during the last day of life. 

Mi roscopic: Minimal changes attributable 


to th probable septicemia were found in the 
heart and liver. The left ventricle contained 
smal! focal infiltrations of neutrophils, plasma 


cells, ind a few eosinophils and _ histiocytes. 
Thess were just beneath the endocardium 
and .round small blood vessels in the myo- 
cardi. No Aschoff-type cells were noted. 
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Similar infiltrates were found in the portal 
areas of the liver. 

The kidneys were involved by an acute 


interstitial nephritis as described by Mallory® 
in streptococcal septicemias. This was char- 
acterized by the presence of neutrophils and 
mononuclear cells in the interstitium, glomeru- 
lar spaces and capillaries, and tubular lumens. 


The tubular epithelium had pale, swollen 
cytoplasm. 

Only edema and congestion were found 
in the right lung, although many of the 


bronchi and bronchioles contained pus. In 
the left lung, the bronchi and _ bronchioles 
were filled with exudate, and in some cases 
a necrotic membrane replaced the mucosa. 
Some bronchial walls were thickened by 
edema, engorged blood vessels, and mono- 
nuclear cell infiltration, while many bronchi- 
oles had dilated lumens and thin walls, 
making differentiation from dilated pus-filled 
lymphatics difficult. The alveoli generally 
contained edema fluid, fibrin, and cellular 
exudate, and in a good many areas prolifer- 
ating alveolar lining cells were noted, some- 
times associated with interalveolar organiza- 
tion of the exudate. Septa were thickened and 
showed vascular congestion and_ infiltration 
by neutrophils and mononuclears. One of the 
striking features was the purulent engorge- 
ment and dilatation of lymphatic channels, 
particularly near the pleural surfaces. The 
pleural surface itself was covered by a thick 
layer of organizing fibrin. The interlobular 
septa were considerably widened due to sero- 
fibrinous edema. Sections taken from the 
grossly dark-red areas in the left lower lobe 
showed intense vascular congestion and 
alveolar hemorrhage with relatively scant ex- 
udate. No evidence of any type of viral infec- 
tion, such as measles, was found in any of 


the sections examined (see Figs. 3, 4, 5 
and 6 below). 
DISCUSSION OF PATHOLOGICAL 


CHANGES. Cole and MacCallum’, in 
1919, in their study of a large number 
of pneumonia cases in Army Camps 
during World War I gave us the only 
detailed account of the pathologic 
features of streptococcal pneumonia. 
In the ensuing years virtually nothing 
has been added to their description. 
They pointed out that the dominant 
features were those of an interstitial 
bronchiolar pneumonia as manifested 
by thickening of the bronchiolar walls 
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Fig. 3.—Lung (15). In the center is a dilated bronchiole filled with pus and lined by 
necrotic membrane. At the top is the fibrin-covered pleura. The alveoli contain ¢ len 
fluid, blood, and exudate. 

Fig. 4.—Lung (15). Running vertically in the photomicrograph is a widened, edem ito! 
interlobular septum that contains very prominent pus-filled lymphatic channels. 

Fig. 5.—Lunch ( x 300). The alveoli here have a prominent “metaplastic” lining epith: liun 
Clumps of macrophages can be seen in the alveolar space at the top. 

Fig. 6.—Kidney (200). Glomerulus containing many leukocytes in the glomerular pat 
and the tuft itself. Below and to the right of the glomerulus is a tubule which also co: taim 
leukocytes. 
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by mononuclear cells and hyperemic 
vessels and, frequently, diffuse necro- 
sis of the mucosal lining. Also empha- 
sized were other findings well demon- 
strated in our case: purulent engorge- 
ment of lymphatics, rapidly organizing 
fibrinopurulent pleural exudate, and 
partially organizing parenchymal exu- 
date with thickened se pta and large 
numbers of proliferating alveolar lin- 
ing cells. It seems likely that the strik- 
ing involvement of lymphi itics is re- 
sponsible for the early pleurisy, pre- 
sumably by means of retrograde spread 
of the infection. 

A second type, called lobular pneu- 
monia, was mentioned by MacCallum. 
It is characterized by areas of consoli- 
dation with extensive necrosis and 
large numbers of bacteria, with no in- 
terstitial reaction. This type would 
seem to be merely an example of over- 
whelming infection with little host re- 
sistance. 

Many of the cases described in this 
monograph had clinical evidence of a 
preceding measles infection, in fact, in 
some instances the streptococcal pneu- 
monia outbreaks followed closely be- 
hind in the shadow of the measles epi- 
demics. However, MacCallum makes 
no mention of any histological features 
in these necropsies that could be at- 
tributed to measles. 

MacCallum does not dwell at any 
lenvth on changes in other organs sec- 
ondary to streptococcal bacteremia or 
septicemia. However, Mallory _ lists 
focal cellular infiltrates in the heart, 
liver, and kidneys as characteristic fea- 
turs of this disease. More important 
is ‘he renal lesion which he terms 
“acute interstitial nephritis.” The kid- 
ne’ findings in our case are very similar 
to ‘hose mentioned by Mallory and re- 
ser ble those of an early acute hema- 
nous pyelone phritis. Neither this 
ch. uge nor the focal organ infiltrates 
ca: be considered specific for strepto- 
co: -al infection, however. 
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The second case is quite typical of 
the cases in this series. 

cAse 2. R.B.D.: This 20-year-old, Seaman 
Recruit, had had symptoms of a mild upper 
respiratory infection intermittently for the 
past few weeks prior to admission, January 
22, 1960. On the evening of the day prior 
to admission, he developed cough, fever, and 
left chest and shoulder pain on deep inspira- 
tion. He denied throat. A chest film 
taken at his dispensary on the day of ad- 
mission showed a diffuse left lower lobe in- 
filtrate. He referred to this hospital. 
Physical examination showed a young man 
complaining of left shoulder pain on breath- 
ing deeply. His temperature 102° F. 
orally. The pharynx was moderately injected; 
the tonsils were covered by a white exudate. 
Bilateral basilar rales were heard over the 
chest. Cervical adenopathy was present. Lab- 
oratory studies on admission showed a white 
blood count of 12,400 with a shift to the left 
on differential count and the erythrocyte 
sedimentation rate The chest film on 
admission showed a moderate left lower lobe 
infiltrate with associated pleural effusion con- 
sidered to be in excess of 500 ml. The 
fever continued for 9 days. The day follow- 
ing admission he was placed on chlorampheni- 
col and erythromycin. Throat culture grew 
beta-hemolytic streptococci. Eight hundred 
milliliters of creamy yellow fluid were re- 
moved by thoracentesis 2 days after admis- 
This grew beta-hemolytic streptococci, 
group A, type 14. A closed thoracotomy tube 
was kept in place for 3 days with resultant 
improvement both in his clinical condition 
and chest roentgenogram. He had a 20 pound 
weight loss during his illness, however, and 
residual left pleural thickening was seen on 
roentgenogram. He was discharged to duty 


2 months after admission. 


sore 
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was 25. 


sion. 


COMMENT. This man’s clinical course 
was dominated by pleuritic pain, fever 
and dyspnea. The process involved the 
left chest only. The responsible organ- 
ism was beta-he molytic streptococcus 
group A, type 14. He recovered with 
antibiotics, thoracentesis, and closed 
thoracotomy with a residual “pleural 
peel” evident on roentgenographic ex- 
amination. 

The third case is characterized by 
having a prolonged course. 

cAsE 3. J.C.S.: This Seaman Recruit, an 
18-year-old man, had been well until about 
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30 hours prior to admission on October 25, 
1959, when he developed cough, fever, and 
moderate left anterior chest pain with res- 
piration. He had been treated for 5 days 
at his dispensary 3 weeks prior to admission 
with penicillin and supportive therapy for 
an upper respiratory infection. On admission, 
physical examination showed an oral tem- 
perature of 105° F. and a pulse of 140. 
He complained of severe left anterior chest 
pain with respiration. He was tachypneic 
and anxious. His throat was fiery red. De- 
creased breath sounds and rales were heard 
at the left lung base posteriorly. 
an erythematous rash over the chest and 
abdomen. Laboratory studies revealed a 
white blood cell count of 16,800 per c.mm. 
with a “shift to the left” on differential 
count. The chest roentgenogram, on admis- 
sion, showed a left basilar infiltrate with 
pleural fluid. There were also patches of 
bronchopneumonia seen at the right base 
and right upper lobe. 

The patient’s hospital course showed him 
to be acutely ill after admission. Penicillin 
and chloramphenicol were given at the out- 
set with supportive therapy. Thoracentesis 
was performed on the second and_ sixth 
hospital days with the removal of 1810 and 
970 ml. of thick yellowish fluid, respec- 
tively. A blood culture taken before treat- 
ment grew group A_ beta-hemolytic strep- 
tococci. Throat culture on admission also 
grew this organism and smear of pleural 
fluid showed Gram-positive diplococci. After 
34 days of fever and a 25 pound weight 
loss, he recovered with residual organized 
infiltrate at the left base. 

Two months after admission, 
tion of the left lower lobe was performed 
with the removal of thick fibrous cortex. 
He then improved enough to return to duty 
4 months after admission (see Figs. 7 
8 below). 


There was 


decortica- 


and 


COMMENT. This man had the 
onset of cough, pleuritic pain, fever 
and rash. Bilateral but chiefly left 
pleural effusion developed which re- 
sponded poorly to treatment. Fever 
persisted for 34 days. Trapping of the 
left lung by the residual pleural peel 
necessitated decortication. 

CLINICAL FEATURES. The 20 patients 
treated here were all Caucasian males 
between the ages of 17 and 23 years. 
Complaints on admission in over 


rapid 
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half the cases were those of pleuritic 
pain, cough and_ sore throat. During 
the course in the hospital, cough oc- 
curred in all patients and was non- 
productive in only 3. Pleuritic pain 
was noted in 18. Only one patient had 
had a previous bout of pneumonia and 
15 had no history of any respiratory 
difficulty other than common colds. 

The most uniform physical findings 
were fever (over 104° orally in 7), 
tachypnea, tachycardia, inflamed phar- 
ynx and chest findings of pneumonia. 
(A pleural friction rub was heard i 
only one case.) The median Ration 
of fever was 8 to 9 days. 

Hemograms revealed elevated white 
blood counts with marked “left shifts” 
and elevated erythrocyte sedimenta- 
tion rates. In 11 cases, white blood 
cells were above 20,000 per c.mm. in- 
cluding 3 over 40,000. No patient 
showed a hemoglobin less than 10 
gm.%, but 9 patients fell below 12.5 
gm.% at some time in their illness. 
Seven patients showed proteinuria. Of 
these, 4 were reported as “trace.” 

The disease process had striking 
predilection for the left chest. Four 
right-sided effusions were minimal 
extent, whereas all 15 left effusions 
were of considerable amount. Sixteen 
patients had residual pleural thicken- 
ing; 15 of these had readily apparent 
“pleural peels.” Two residual paren- 
chymal infiltrations proved to be areas 
of bronchiectasis on bronchographic 
examinations. 

Beta-hemolytic streptococci were cul- 
tured from the throat in 14 patients, 
from the sputum in 13, the pleural fluid 
in 6, and the blood in one. In only 
cases was the diagnosis made by posi- 
tive throat culture only. All of these 
4 patients had pleural effusion but had 
received large dosages of antibiotics 
before thoracentesis. The single paticnt 
without pleural effusion had the org..n- 
ism isolated from the sputum. Blood 
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Fig. 8 


Fiy. 7.—Portable roentgenogram of the chest in Case 3 on October 26, 1959, the day 

fol! wing admission shows fluid in the left chest obliterating all lung detail below the level 

of ‘he sixth posterior interspace, extending superiorly along the lateral chest wall up to and 

ov'r the apex, and causing slight displacement to the right of the heart and mediastinal 
content. Pneumonitis is also seen in the right upper and lower lung fields. 


Fi 8.—Roentgenogram of the chest in Case 3 on February 8, 1960, eight weeks after 
de: ortication procedure on the left. There is minimal residual pleural thickening in the left chest. 
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cultures were obtained in only 2 pa- 
tients. One of these 2 showed positive 
cultures. Typing of the agent was done 
in 2 cases. Group A, type 14 was found 
in both cases.* 

Penicillin was the antibiotic — of 
choice, but was used alone in only $8 
cases. Other antibiotics were used con- 
currently in most cases because of the 
severe Clinical picture while cultures 
were pending. In only one case was it 
necessary to withhold penicillin be- 
cause of allergy. 

Fifteen patients thoracentesis 
performed, had 3 or more, and 4 
additional patients had closed thora- 
cotomies after the first or second thora- 
centesis. One patient had a_ closed 
thoracotomy betore thoracentesis. Four 
patients had decortication procedures 
of pleural peel after the acute process 
had subsided. Discussion of surgical 
management of these cases, however, 
is bevond the scope of this paper. 

Discussion. That the incidence of 
pneumonia caused by beta-hemolytic 
streptococcus is much less than in 
former years seems to be an_ es- 
tablished fact (Austrian', Finland’, 
Kirby*). In 1927, Cecil, Baldwin and 
Larsen* attributed approximately 4% ct 
2000 cases to this organism, whereas 
in more recent vears, it has been con- 
sidered to be less than 1% of all bac- 
terial pneumonias. the United 
States, during both World Wars, it was 
well recognized that streptococcal in- 
fections increased markedly with a 
concomitant rise in the occurrence of 
streptococcal pneumonia. The time- 
honored studies of Cole and Mac- 
Callum in the United States Army 
Camps during the first World War 
cited above focused attention on this 
organism as a serious and often fatal 
secondary invader with measles and 
influenza. Subsequent studies (Aus- 
trian', Cecil, Baldwin Larsen?, 


*Organism typing was performed at Naval Medical Research Unit #4, Great Lakes, Illi: 
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Hall®, Kirby*) have supported the con 
cept that the pneumonia caused by 
this organism is most often observed 
following another primary illness. 
Reports of primary streptococe: al 
pneumonia are well documented in the 
literature. However, most of these cases 
have been observed during epidemics 
of streptococcal infections in which 
the majority of these patients with 
pneumonia were considered to have a 
secondary pneumonitis. In 1941, Keefer, 
Rantz and ummelkamp? reported 55 
cases of which only 10 were thought 
to be primary, without evidence of 
significant antecedant illness. Durkee‘ 
in 1945, reported a rather large num- 
ber of primary streptococcal pneu- 
monias from a Public Health Service 
Hospital. MeFarland'’, in 1946, dis- 
cussed his wartime experience with 
primary disease observing from 30 to 
40 cases out of a total of 4000 cases 
of pneumonia of streptococcal etiology. 
In our series of 20 cases caused by the 
beta-hemolytic streptococcus, all but 
2 at the most had little or no recog- 
nizable antecedent illness. One patient 
was admitted with a normal chest 
roentgenogram to another ward at this 
hospital and became ill 2 weeks after 
admission. The other (Case 1) was 
thought to have had rubella initially. 
Six other cases were seen with the 
same clinical course at this time, hav- 
ing pleural effusion but no organisms 
could be cultured from their thro:t, 
sputum, or pleural fluids. Our cases 
illustrated once more the rather  pro- 
longed clinical course even with larve 
doses of penicillin and other antibiotic 
therapy. Other striking features wi re 
seen to be the almost uniform occwr- 
rence of pleuritic pain. The predo: 
nantly left-sided involvement — 
noted; significance of this is not «e- 
termined. Nineteen of 20 cases hid 
significant pleural effusion, and in 
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2 cases typed, group A, type 14, beta- 
hemolytic streptococcus was seen. It is 
once again to be noted that 75% of 
the patients significant residual 
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1960. The disease was abrupt in onset, 
fulminant in progression, and often 
prolonged in course. The pathologic 
changes were characteristic and _ strik- 


pleural thickening. Two patients had 


ing. Contrary to previous reports in 
residual bronchiectesis. 


the literature, antecedent viral infec- 

Summary. Twenty cases of beta- tion was not important in its patho- 
hemolytic — streptococcal — pneumonia 
occurred during an outbreak of strep- 
tococcal disease at the Great Lakes 
Naval Training Center and the U.S. 
Naval Hospital in the winter of 1959- 


genesis, since only 2 cases showed 
evidence of it. Even after two decades 
of antibiotics the disease is of consid- 
erably more than historical interest. 
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SUMMARIO IN INTERLINGUA 


Pneumonia a Streptococcos Beta-Hemolytic: 
Reporto de un Eruption in un Population Militar 


Vinti casos de pneumonia a streptococcos hemolytic beta occurreva durante 
un eruption de morbo streptococcal al Centro de Trainamento Naval e al 
Statounitese Hospital Naval de Great Lakes, Illinois, durante le hiberno de 
1959 a 1960. Le morbo esseva abrupte in su declaration, fulminante in su 
progresso, e frequentemente prolongate in su curso. Le alterationes pathologic 
esseva characteristic e frappante. Per contrasto con previe reportos in le 
litteratura, le antecedente de infection virusal non esseva importante in le 
puthogenese: Solmente 2 del casos monstrava signos de un tal. Post duo 
7 ennios de antibioticos, le morbo continua posseder un interesse plus que 
listoric, 
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STUDIES WITH TULAREMIA VACCINES IN VOLUNTEERS® 


IV. BRUCELLA AGGLUTININS IN VACCINATED AND NONVACCINATED 
VOLUNTEERS CHALLENGED WITH PASTEURELLA TULARENSIS 


By SAMUEL SASLAW, M.D., PH.D. 
PROFESSOR OF MEDICINE AND BACTERIOLOGY, OHIO STATE UNIVERSITY COLLEGE O} 
MEDICINE; CHIEF, INFECTIOUS DISEASE SERVICE, UNIVERSITY HOSPITAL 


AND 


N. Caruis_e, Pu.D. 
ASSOCIATE DIRECTOR, INFECTIOUS DISEASE LABORATORY, UNIVERSITY HOSPITAL 


(From the Department of Medicine, Ohio State University College of Medicine, 
Columbus, Ohio ) 


Previous studies from this labora- 
tory have been concerned with the 
clinical®” and serologic!’ aspects of 
experimental tularemia in vaccinated 
and nonvaccinated volunteers follow- 
ing intracutaneous or respiratory chal- 
lenge. These studies provided a unique 
opportunity to investigate the occur- 
rence of brucella agglutinins in tulare- 
mia under controlled conditions. Var- 
ious workers (Eisele', Feinberg and 
Wright’, Foshay*, Francis®, Francis and 
Evans®, Poston and Smith‘, Stanfield, 
Taylor and Morgan') have shown that 
patients with naturally acquired tulare- 
mia can exhibit agglutinins for brucella 
species, but there is not general agree- 
ment as to the frequency with which 
this serologic cross reaction occurs and 
its importance from the diagnostic 
standpoint. The present report is con- 
cerned with brucella agglutinin forma- 
tion in 98 vaccinated and nonvaccinated 
subjects challenged by the intracuta- 
neous or respiratory route with viru- 
lent P. tularensis. Ancillary studies in 
rabbits immunized with killed  P. 
tularensis also will be presented. 


Materials and Methods. Volunteers re- 
ceived either Foshay killed (phenolized) 


vaccine or viable attenuated vaccine by meth- 
ods described previously®.!%, Procedures used 
for intracutaneous and respiratory challeng: 
have also been discussed in our earlier re- 
ports®:10, Brucella tube agglutination tests 
were carried out by standard 
(Spink et al.12). Tube antigen was obtained 
from the Bureau of Animal Industry, Belts- 
ville, Maryland. 

Formalin-killed suspension of P. tularensis 
Strains 38, Schu S-4, 425, 503 and the viabl 
vaccine straint were used to immunize 3, 3, 
3, 2 and 4 rabbits, respectively. All strains 
were grown on GCBA medium (BBL) for 
72 hours, harvested in physiologic saline con- 
taining 0.5% formalin, and allowed to remain 
at 4° C. for 24 hours. After appropriat: 
sterility tests had been completed, the sus- 
pensions were washed 3 times with steril 
saline and resuspended in a_ concentration 
which, when diluted 1:10, was equivalent in 
opacity to MacFarland tube No. 2. Each 
rabbit was injected intravenously with 0.5, 
1.0, 1.0 and 1.0 ml. on 4 consecutive days, 
respectively. Blood samples were obtained 
from the marginal ear vein before immuniza- 
tion and at weekly intervals thereafter. At 
7 and 11 weeks after the first immunization, 
each rabbit received an intravenous booster 
injection of 0.5 ml. of the same suspension 
used originally. Curves of antibody prod: 
tion and decline were established in each 
rabbit by three serologic tests: P. tularensis 
bacterial agglutination and _polysacchari le 
hemagglutination, and Brucella abortus b 
terial agglutination. Procedures used in p:t- 


methods 


*This study was supported under Contract with the U.S. Army CmlC, Fort Detri k, 


Frederick, Maryland. 


tKindly supplied by Dr. Henry T. Eigelsbach. 
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TABLE 1.—P. TULARENSIS AND BR. ABORTUS AGGLUTININ TITERS IN VOLUNTEERS 
VACCINATED WITH KILLED VACCINE (FOSHAY) 
Ty pe Weeks after Vaccination 
Subject of 
Vo igglutinins* 0 1 2 5 6 12 14 
] T 10 10 640 640 820 160 160 S80 80) 80 sO 
B 0 0 SO SO 0 20 20 10 10 0 0 
2 T 0 20 400 640° 820 
B 0 0 20 20 20 1 ND 1 ND 10 
l 0 0 0 3820 320 320 ND ND ND 
B 0 0 0 20 20 20 ND ND ND 10 
0 0 0 320 820 ND ND ND ND 
B 0 0 0 80 so ND ND ND ND 0 
3 l 0 Oo 640 3820 320 320 ND ND ND ND 
B 0 0 ND ND ND ND 
6 0 0 0 S80 80 so ND ND ND 
B 0 0 0 10 20 20 ND ND ND 20 
7 y 0 0 0 820 320 320 ND ND ND 160 
B 0 0 0 20 20 20 ND ND ND 0 
8 > 0 0 640 640 $20 820 ND 820 ND ND 
B 0 0 10 0 20 20 ND 20 ND ND 
9 T 0 0 820 160 80 80) so ND ND ND 
B 0 0 20 240 20 20 2 ND ND ND 
10  y 10 10 820 $20 160 160 160 160 160 160 
RB 0 0 0 0 10 10 20 10 10 10 
11 7 0 0 O40 160 160 S80 80 80 80 ND 
B 0 0 0 10 ND 
12 0 160 160 80 S80 80 
B 0 10 10 20 20 10 10 0 0 0 0 
18 0 $20 $20 $20 160 160 160 80 80 
B 0 nD 20 20 20 20 20 20 10 10 10 
14 T 0 640 1280 1280 1280 640 640 640 640 ND 
15 l 0 0 320 820 160 160 160 ND ND ND 
B 0 0 0 1) 20 0 oO ND ND ND 
16 I 0 0 1280 1280 1280) 1280) 1280 ND 640 640 640 
B 0 0 1) 1) 20 10 10 ND 0 0 0 


*T = P. tularensis; B = B. abortus 
ND Not Done 


forming the first two have been described 
previously (Saslaw and Carhart!! ). 


Results. Following vaccination with 
killed tularemia vaccine, 16 of 43 
(37.2%) volunteers exhibited brucella 
antibodies after 9 to 24 days. Peak 
titers of 1:20, 1:40 and 1:80 were ob- 
served in 8, 6 and 2 volunteers, re- 
spectively. In 6 of 16, titers were 
ne sative after 1 to 3 months. The ap- 
pearance of peak titers coincided with 
perk tularemia agglutination titers 
Which were usually 4 to 32 times 
greater (Table 1). 

\fter immunization with viable at- 
tenated tularemia vaccine, 5 of 28 
men with negative base-lines 


first showed brucella titers of 1:10 
to 1:SO after 24 to 31 days. Their 
peak titers of 1:40, 1:40, 1:80, 


1:80 and 1:320 were observed 24, 31. 
30, 52, and 51 days respectively, after 
vaccination. One other volunteer with 
a prevaccination brucella titer of 1:20 
showed a rise to 1:60 on the 38th day. 
Thus 6 of 29 (20.7%) showed signifi- 
cant brucella antibody titer rise after 
immunization with viable tularemia 
vaccine (Table 2). 

Intracutaneous challenge of non- 
vaccinated volunteers with approxi- 
mately 10 tularemia bacilli induced 
brucella antibody peak titers of 1:10 
to 1:160 in 3 of 12 (25%) men after 
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TABLE 2.—P. TULARENSIS AND BR. 


T'y pe 
Subject of 
No Agglutinins* Oo f 2 

l T 0 
B 0 oO 0 0 
2 T 0 820 
B 0 oO 0 10 
T 0 160) 640 
B 0 0 0 0 
T 0 160 640 
B 0 0 0 0 
5 T 10 SO 640 
B 0 0 2 
6 T 0 0 80 S20 
B 20 20 2) 2 


= P. tulare nsis; B = Br ah wrtus 
iND = Not Done 


rPABLE 8.—P. TULARENSIS AND BR 
NATED VOLUNTEERS AFTER INTRACI 
WITH P. TULARENSIS 
Method Type 
Subject of of 
No. Challenge Agglutinins 
| Intracutaneous 
B 
2 T 
B 
B 
Respiratory T 
B 
5 T 
B 
6 T 
B 
*T = P. tularensis: B = Br. abortus 
iND = Not Done 


3 to 4 weeks. Similarly, 3 of 14 (21.4%) 
challenged with 10 to 50 tularemia or- 
ganisms by the respiratory route, ex- 
hibited brucella antibodies in titers of 
1:10 to 1:40 after 1 to 3 weeks. In 
all instances, the homologous tulare- 
mia titer was higher than the heterolo- 
gous brucella titer (Table 3). 

None of 19 volunteers, who re- 
ceived killed vaccine and were subse- 
quently challenged intracutaneously, 
showed any alteration in brucella anti- 
bodies after challenge. Three who did 
exhibit brucella antibodies after vac- 
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ABORTUS AGGLUTININ TITERS IN VOLUNTEERS 
VACCINATED WITH VIABLE 


ATTENUATED VACCINE 


Weeks after Vaccination 


640 2560 2560 2560 2560 2560 2560 2560 
G4O O40 640 $20 820 820 820 160 
20 20 th) 20 10 10 0 0 


1280) 2560) 2560) 2560) 2560) 2560 2560 


80 160 160 820 820 820 160 160 


1280) 1280) 2560) 2560 2560 1280) 1280 


10 20 SU 10 


1280 1280) 1280) 1280) 1280 ND ND 


20 20 ND ND ND 


640 640 640 640 640 ND ND ND 


160 160 ND ND ND 


ABORTUS AGGLUTININ TITERS IN NONVACC] 
TANEOUS AND RESPIRATORY CHALLENGI 


Weeks after Challenge 
160) 320 8200 820) 820 820160 
SO) «160 SO 6160) «6160 SO SU 
160 640) G40) G40) G40) 
80 80 SO SO 
10 20 160) 640 1280 1280) 640 1280) 640 
10 10 10 10 10 10 Ww 
20 $20 1280 1280 640 640 820 ND 
1 20 10 10 10 10 10 10 
10 40 820 820) $20 832006160 ND ND 
20 20 20 10 20 - - 
160 640 1280) 640 640 640 ND 
20 10 


cination showed no titer change and 16 
showed no brucella antibodies after 
either vaccination or subsequent chal- 
lenge. All 19 exhibited local lesions 
after challenge (Saslaw et al.®) and 
were considered to have received n 
antigenic stimulus; 15 of the 19 showed 
a significant rise in P. tularensis agg\u- 


tinins (Saslaw and Carhart!). Eicht 
of 14 volunteers immunized with 


Foshay vaccine exhibited clinical 

dence of infection after respiratcr 
Only 
rise in brucella aggluti) in 


challenge (Saslaw et 
showed 
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Saslaw and Carlisle: 


TABLE 4. 
TININ TITERS IN 
OR BOTH, WITH P. TULARENSIS 
P tulare NSIS Br abortus 
Agglutinin Agvlutinin 
Titer Titer 
+ 
6 2 
160 15 2 
820 16 
O40 14 l 2 
1280 10 l 

2560 6 l 1 
Totals oo 11 5 
titer, whereas agglutinins for P. tular- 
ensis increased in 3''. Similarly, res- 


challenge of volunteers who 
pre viously received viable vaccine did 
not alter brucella antibody titers. Three 
in this group became ill and one ex- 
hibited a rise in tularemia agglutinins"! 
Thus, 30 vaccinated subjects were 
known to have received an additional 
antigenic stimulus following intracuta- 
neous or respiratory challenge as meas- 
ured by development of symptoms or 
local 
titer. 
increase 


piri 


lesions or increase in tularemia 
Only 1, however, exhibited an 
in agglutinins to Br. abortus 
as compared to 19 of 30 showing sig- 
nicant increase in tularemia agglutinins. 

No correlation was noted between 
the titer of the tularemia agglutinins 
and the incidence of brucella antibodies 
in the 98 subjects included in the pres- 
ent study. Table 4 shows, for example, 
that 16 individuals who exhibited ag- 
glutinins for P. tularensis in high titer 
(1:'280 and 1:2560) failed to show 


brucella agglutinins. In all of the 29 
who demonstrated antibodies to bru- 
cell., the homologous P. tularensis 
titer was always higher. Only one (Sub- 
ject No. Table 3) exhibited agglu- 
tins to both antigens at dilutions 
suff iently similar to have possibly 
crea ed a diagnostic problem had this 
indi idual been suspected of having 
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ABORTUS AGG 


HUMAN VOLUNTEERS APTER VACCINATION OR CHALLENG 


Total with 
Br. abortus 
Agglutinins 


Total 
Subject s 


160 


0 4 
2 

2 15 

8 24 

22 

6 16 

l 3 9 

29 98 

either brucellosis or tularemia. Only 8 


subjects (Table 4) showed brucella 
antibodies in titers of 1:80 or above 
while 21 had titers varving from 1:10 
to 1:40. 

No clear-cut correlation was noted 
between development of brucella ag- 
glutinins and presence of these anti- 
bodies before vaccination or challenge. 
Sixteen of the 98 subjects showed low 

(1:10 and 1:20) baseline’ brucella 
ia rs whereas 82 were completely neg- 
ative. Seven of the 16 (44%) and 22 of 
the 82 (27%) subsequently showed sig- 
ae in agglutinins for Br. 
abortus after vaccination or challenge. 

All 15 rabbits immunized with forma- 
lin-killed suspensions of 5 strains of 
P. tularensis exhibited comparable peak 
antitularemia antibody titers (1:640 or 
1:1280). No strain differences in anti- 
genicity for rabbits were observed. 
total of 14 of 15 also exhibited cross- 
reacting brucella antibodies after the 
first antigenic stimulus, although in 
lower titers (1:20 to 1:320) than the 
homologous tularemia antibody titers. 
The remaining rabbit showed brucella 
antibodies only after a second booster 
injection at 11 weeks. Curves of anti- 
body production and decline (Fig. 1), 
as measured by P. tularensis bacterial 
agglutination, polysaccharide hemag- 
glutination, and Br. abortus bacterial 
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ANTIBODY RESPONSE OF I5 RABBITS TO KILLED P TULARENSIS GIVEN INTRAVENOUSLY 
TULARENSIS, HEMAGGLUTINATION MEAN 
, BACTERIAL AGGLUTINATION ——— 
BOOST 
163840F BOOST 
81920} 
20480F / 
2 '0240f / 
2560} 
= 
4 VY 
« 40F > 
/ / 
20F / 
~ 
10 / 
5 


6 


7 8 9 10 il 12 13 14 15 


WEEKS AFTER FIRST IMMUNIZATION 


NO OF RABBITS 
WITH SAME TITER 


Fig. 1] 


agglutination, were similar with the 
exception that booster injections ap- 
peared to have a greater effect on 
polysaccharide hemagglutination titers. 

Discussion. These studies confirm, 
under controlled conditions, that both 
tularemia vaccination and infection in 
humans may stimulate the formation of 
antibodies against Br. abortus. Adminis- 
tration of Foshay phenol-killed vaccine 
resulted in brucella antibody produc- 
tion in 16 of 43 (37.2%) volunteers. 
These results are in agreement with 
those of Kadull et al.7 who detected 


agglutinins for Br. abortus in 114 of 275 
(41.0%) vaccinated subjects. Six of 29 
(20.7%) volunteers in our study who 
received viable vaccine exhibited bru- 
cella antibodies. This corresponded 
closely to the 23.1% incidence of cross 
reaction (6 of 26) following infection 
of nonvaccinated volunteers by eit)er 
intracutaneous or respiratory routes: 
after intracutaneous challenge 3 of 12 
and after respiratory challenge 3 of 
14 showed brucella antibodies. A!! 6 
exhibited frank symptoms of tulare ni¢ 
infection and produced agglutinins for 
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Saslaw and Carlisle: 
P. tularensis (Saslaw et al.°-''), Other 
workers have demonstrated brucella 
antibodies in 37.0% (Francis®), 22.7% 
(Francis and Evans® ), and 18.2% ( Stan- 
field, Taylor and Morgan") of cases 
of natur: ally- -acquired tularemia. 

In the present study, 30 of 51 vac- 
cinated who were chal- 
lenged by either intracutaneous or res- 
piratory routes were considered to have 
received an adequate antigenic stimu- 
- since either symptoms of tularemia 

arise in P. tularensis agglutinin titers 
were observed. Only one of 30 showed 
brucella antibodies as com- 
pared to 19 of 30 exhibiting a signifi- 
cant rise in tularemia agglutinins. This 
suggests that the second contact with 
the tularemia antigen had less effect 
on antibody formation 
than did either vaccination or infection 
of nonvaccinated men. 

All of 15 rabbits immunized with 
killed P. tularensis produced agglutinins 
Br. abortus. Other workers have 
shown that rabbits (Poston and Smith*) 
and goats and horses (Foshay*) uni- 
formly exhibit brucella agglutinins af- 
ter inoculation with killed tularemia 
organisms. Thus, experimental animals 
and humans appear to react differently 
in this respect, although it must be ad- 
mitted that in our study, the 15 rab- 
bits received a much larger antigenic 
stimulus, on a body weight basis, than 
did the volunteers. Thus in the interpre- 
tation of serologic data, one must be 
cognizant of the fact that cross react- 


volunteers 


a rise 


heterologous 


for 
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ing brucella antibodies occur frequent- 
ly following vaccination with killed 
Foshav vaccine (37.2%) or viable 
cine (20.7%) or after intracutaneous 
(25%) or respiratory ( 21.47) challenge. 
This degree of cross-reaction, however, 
is considerably than the almost 
100% incidence observed following im- 
munization of As with the 
interpretation of any indirect method, 
namely, the serologic aid to diagnosis, 
these data must always be interpreted 
in terms of the clinical picture. 

Summary. Immunization 
killed tularemia vaccine 
sulted in significant brucella antibody 
tors in "16 of 43 (37.2%) volunteers. 

2. Brucella antibodies were observed 
in 5 of 28 (17.9%) volunteers after im- 
munization with viable attenuated vac- 
cine. 

3. All of 15 rabbits immunized with 
killed tularemia organisms exhibited 
antibodies to Br. abortus. 

Intracutaneous challenge with P. 
tularensis resuked in significant brucella 
titer in 3 of 12 (25%) 
cinated volunteers; after 
challenge 3 of 14 (21.49%) 
brucella antibodies. 

5. Only one of 30 previously vac- 
cinated volunteers showed significant 
rise in brucella agglutinins after either 
intracutaneous or respiratory challenge. 

In all instances of cross-reaction, 
the tularemia agglutinin 
titer was higher than the heterologous 
Br. abortus titer. 
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SUMMARIO IN INTERLINGUA 


IV. Agglutininas a Brucella in Vaccinate e Non-Vaccinate Voluntarios 
Provocate con Pasteurella tularensis 

1. Immunisation con vaccino de tularemia, occidite secundo Foshay, resultava 
in significative titros de anticorpore a brucella in 16 ex 43 voluntarios (37,2% 

2. Anticorpore a brucella esseva observate in 5 ex 28 voluntarios (17,9%) post 
immunisation con vaccino viabile attenuate. 

3. Omne le 15 conilios immunisate con occidite organismos de tularemia 
exhibiva anticorpore a Brucella abortus. 

4. Le provocation intracutanee con Pasteurella tularensis resultava in significa- 
tive augmentos del titros de anticorpore a brucella in 3 ex 12 non-vaccinate 
voluntarios (25%). Post provocation respiratori, 3 ex 14 voluntarios (21.4% 
exhibiva anticorpore a brucella. 

5. Solmente un ex 30 previemente vaccinate voluntarios monstrava un significa- 
tive augmento del agglutininas de brucella post provocation, sia intracutance 
sia respiratori. 


SUMMARIO IN INTERLINGUA 
(See page 201 for original article ) 


Un Studio a Duple Anonymato de Diethylpropiona in Obesitate 


Es reportate un studio a duple anonymato de diethylpropiona in 37 patientes 
in un clinica pro obesitate. Le perdita medie de peso per septimana esseva 
1,1 libras in 28 patientes tractate con le droga active e 0,2 libra in 29 patientes 
recipiente le placebo. Inter le 19 patientes tractate con solmente un del medica- 
tiones, le perdita medie de peso per septimana esseva 1,8 libras in le gruppo a 
diethylpropiona e 0,7 libra in le gruppo a placebo. 

Inter le patientes del serie total, transiente e minor effectos adverse occurreva 
in 18% del patientes recipiente diethylpropiona e in 14% del patientes recipiente 
le placebo. Nulle major effectos adverse occurreva in ulle del gruppos. 

Le valor del technica a duple anonymato in le evalutation de drogas esseva ce 
novo confirmate. 
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PERICARDIAL EFFUSION IN CLINICALLY INACTIVE 
COMPENSATED RHEUMATIC HEART DISEASE 


By L. 


WHUINTERS, 


M.D. 


ASSOCIATE IN MEDICINE 


AND 


Louis A. SOLOFF, 
MEDICINE; 


PROFESSOR OF CLINICAL 


M.D. 


CHIEF, DIVISION OF CARDIOLOGY 


TEMPLE UNIVERSITY MEDICAL CENTER, PHILADELPHIA, PENNSYLVANIA 


Curonic pericardial effusion may be 
entirely asymptomatic unrecog- 
nizable by conventional cardiovascular 
studies. Even massive pericardial effu- 
sion may be present without signs of 
cardiac tamponade. Chronic pericardial 
and frequently asymptomatic effusions 
have been reported in persons with 
myxedema (Freeman'', Kern et al.'*), 
anemia (Soloff and Bello**), polyey- 
themia (Genecin'®, Soloff and Bello“? ), 
infections particularly tuberculosis 
( Alexander’, and Johnston? 
Freedman", Soloff and Zatuchni**), 
so-called collie igen diseases pi artic ‘ularly 
lupus erythematosus (Bergen*, Me It- 
zer'*), neoplasms (Tucker**), after 
radiation (Blumenfeld and Thomas* ) 
and in those with chylous obstruction 
(Groves and Effler'®). Chronic pericar- 
dial effusion of unknown origin was 
reported by Barker and Johnston’, 
and subsequently, by Contro, DeGiuli 
and Ragazzini'’, by Connolly et al.® and 
also by Scheurer”°. It is noteworthy that 
most of their patients had electrocardio- 
graphic evidence of P mitrale and un- 
stalic rhythms characterized by recur- 
rent atrial fibrillation and flutter. 

P ricardial effusion in congestive 
hea:! failure is common in persons with 
the: matic heart disease but rare in 
thos. with other forms of heart disease. 
Fur! iermore, we have been surprised 
on s veral occasions to find pericardial 
effusion at operation in rheumatic pa- 


tients who had no clinical evidence of 
either rheumatic activity or 
tive heart failure (Soloff*' ). 
This study attempts to determine the 
minimal incidence of pericardial effu- 
sion in persons with clinically inactive 
compensated rheumatic heart disease. 


conges- 


Materials and Methods. Two hundred and 
seven patients were selected for study. All 
had heart disease but were free of congestive 
failure or clinical evidence 
tivity at the time of study. 
angiocardiograms performed in conjunction 
with diagnostic right heart catheterizations. 
One hundred and_ forty-one patients had 
rheumatic heart disease and 66 had other 
forms of heart disease. The technique and 
method of studying venous angiocardiograms 
have been described elsewhere (Soloff and 
Zatuchni=* ). Routine chest films for cardiac 
evaluation before and after angiocardiographic 
study were reviewed for re-evaluation of the 
presence of pericardial 
by angiocardiography. 


of rheumatic ac- 
All had venous 


effusion discovered 
Hemodynamic studies 
were also reviewed for clues to suggest or 
establish the presence of effusion. 

Pericardial effusion was diagnosed by the 
demonstration of homogenous density external 
to the opacified heart usually most prominent 
on the right side. The homogeneous density 
may surround the opacified heart or appar- 
ently be confined to one region most com- 
monly that bordering on the right atrium. 
The intrapericardial density is distinctly 
fainter than that of the opacified heart. Dif- 
ferentiation from other lesions producing 
extracardiac densities are described elsewhere 
(Soloff and Zatuchni?* ), 


Results. Venous angiocardiography 
clearly uncovered pericardial effusion 
(77/173) 
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in 5 (3.5%) patients with rheumatic 
heart disease (Table 1). All were fe- 
males, 47 to 58 years of age. All had 
atrial fibrillation. The known duration 
of heart disease ranged from 1 to 50 
vears. Although none had clinical evi- 
dence of heart failure, a slight eleva- 
tion of the mean right atrial and 

the right ventricular diastolic pressures 
in C.M. and E.L. raise the possibility 
that minimal failure may have been 
present at the time of catheterization. 
Three patients, E.L., L.T. and M.C. 


had a history of congestive failure in 
TABL 
Known 
duration 
heart 
dise 
Patient OL Ser Years Diagnosis 
MLC. 47 F l Ms.MI 
L.T. 56 50 MI 
W.B. 35 Ms 
C.M. 38 I 6 Ms 
ELL. 50 7 Ms.MI 
*Mean Pressure 
the past. In each instance, abnormal 


intrapericardial density external to the 
opacified right atrium as seen in the 
posterior anterior films was diagnostic 
of pericardial effusion. 

Two patients deserve special com- 
ment. C.M. developed clinical and 
laboratory evidence of hyperthyroidism 
and was given a therapeutic dose of 
I13; two years before the angiocardio- 
graphic study. She then developed 
clinical evidence of hypothyroidism 
with a basal metabolic rate of —32%. 
This disorder may be associated with 
pericardial effusion. However, there 
had been no change in cardiac findings 
and particularly no change in the car- 
diac silhouette during this 2-year in- 
terval. 
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The other, E.L. presented a very 
unusual picture. Her 7-year illness was 
characterized by recurrent and inter 
mittent arthralgia, arthritis, dyspnea 
orthopnea, anorexia, peripheral edema 
arrhythmia. Repeatedly 
studies revealed marked 
which 


fever and 

Roentgen-ray 
cardiac enlargement 
terpreted elsewhere as due to massive 
condary to rheu 
Car- 
diac surgery for valvular heart disease 
had 
the 


was iD 


cardiac enlargement se 
matic multivalvular heart disease. 
elsewhere because 


been refused 


heart was regarded as irreversibly 


El 
Cardiac Catheterization 

RI PA PCP* Rhythn 
2614 14 2.3 Al 
1.5 25 1 269 58 20 
S915 6.6 \l 
9 10 39 24 24 4.7 \l 
7 959 104 25 17 \l 


massively enlarged due to myocardial 
coe She was referred to one of us 
(L.A.S.) who suspected pericardial 
that was proved by angio- 
Actually the c: ardiac size 
normal and myocardial 


as revealed by angiocardio- 


cardiogri aphy. 
was almost 
function, 


graphic circulation times, was relativel 


good. The cardiac silhouette slowly ce- 
creased in size without change in 
symptoms. Biopsy then revealed an 


adherent pericardium 2 mm. to 3 mm. 


thick and free of calcium. 

All 66 patients with congenital, |1y- 
pertensive arteriosclerotic heart 
disease were free of angiocardiogray hit 
evidence of pericardial effusion. 

Discussion. Symptoms and signs 0! 
pericardial effusion depend not only 
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Winters and Soloff: 


the nature and the amount of 
the effusion but also upon the rapid- 
ity of the accumulation of effusion. 
Thus a rapid accumulation of 200 to 
300 ml. of fluid can produce disabling 
cardiac tamponade whereas much 
greater amounts of slowly accumulat- 
ing fluid may produce no symptoms 
and even no elevation in the venous 
pressure. Diagnosis of 


upon 


such effusion 
will depend primarily upon roentgeno- 
graphic characte ristics which are not 
pathognomonic conventional 
roentgenography cannot separate the 
pericardium from myocardium. Intra- 
venous and the 
simpler but less diagnostic intravenous 
carbon dioxide injections (Stauffer 
et al.**) are available of es- 
tablishing a definitive diagnosis of peri- 
cardial effusion. 

Burch and Ray have shown in the 
experimental animal that the normal 
pericardium transfer enormous 
quantities of salt and water®. This prop- 
erty is probably due to the large ab- 
mew surface area of the pericardium 
and the vigorous action of the heart. 
Accumulation of fluid within the peri- 
cardium, therefore, suggests the pres- 
ence of pericardial which 
interferes with its absorptive power. 
Indeed pericardial effusion is most 
commonly (if not exclusively) found 
in the presence of structural pericardial 
disease. In anemia and polycythemia, 
structural abnormalities may be due 
to «xcessive infiltration of the myocar- 
dium and pericardium with hemosid- 
eri). The cause of pericardial effusion 
wh n found in congenital heart disease 
Wil 1out congestive heart failure is not 


because 


angiocardiogr: iphy 


disease 


cle r, but it is noteworthy that rheu- 
ma ‘ic heart disease is not rarely asso- 
cia d with congenital heart disease 


(B one and Rosemond? ). 

.eumatic fever which affects the 
he: is a pancarditic lesion which 
inv lves the pericardium. It is not 
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surprising, therefore, that microscopic 
evidence of pericarditis is found in 
nearly all instances of rheumatic car- 
ditis™. It is especially noteworthy that 
pericardial effusion with congestive 
failure present at necropsy occurs most 
commonly in those with rheumatic 
heart disease Camp and White’). 

Our studies indicate that over half 

of all patients with rheumatic heart 
disease and congestive failure have 
pericardial effusion. The present study 
suggests that pericardial effusion may 
persist in the absence of failure per- 
haps due to residual pericardial dis- 
ease which interferes with normal re- 
absorptive processes of the pericar- 
dium. Thus 4 of our patients with 
pericardial effusion had failure at some 
time prior to the time of the angio- 
cardiographic study. Cardiac catheter- 
ization was of no diagnostic help. The 
low cardiac output in patients M.C. 
and L.T. is commonly encountered 
with mitral insufficiency with or with- 
out pericardial effusions. The intra- 
cardiac circulation times were pro- 
longed in all 5 patients, as is frequently 
the case in the absence as well as 
presence of pericardial effusion. The 
elevated right atrial and diastolic right 
ventricular pressures in E.L. and C.M. 
may represent a minimal degree of 
right ventricular failure rather than 
pericardial effusion. However, it has 
been estimated that an increase in 
pericardial fluid of 80 to 100 ml. may 
be sufficient to raise venous pressures 
in humans (Stewart, Crane and 
Deitrick™ ). If so, the effusions in both 
of these patients, which certainly ex- 
ceed this degree, may well account for 
these elevated pressures. 

Finally, such effusions may disappear 
with the development of adhesive peri- 
carditis, changes that have been re- 
ported in those with presumably 
chronic idiopathic effusion (Scheurer*®), 

Summary. 1. Five of 141 patients 
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with inactive compensated rheumatic 
heart disease demonstrated pericardial 
effusion by the technique of venous 
angiocardiography. 

2. An additional 66 patients with 
congenital, hypertensive and coronary 
artery disease were free of pericardi: i] 
effusion as judged by this technique. 
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3. It is suggested that rheumatic 


pericarditis may alter the reabsorptive 


capacity of the pericardium that 
fluid accumulated during a bout of 
activity or failure may persist for pro- 
longed periods of time so that when 
it is discovered, its cause 
overlooked. 
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SUMMARIO IN INTERLINGUA 


Effusion Pericardial in Clinicamente Inactive, Compensate 
Morbo Cardiac Rheumatic 


1. Cinque inter 14] patientes con inactive, compensate morbo cardiac rieu 
matic monstrava effusion pericardial in examines per medio del technic: de 


angiocardiographia venose. 


9 


2. Un gruppo additional de 66 patientes con congenite, hypertensive, ‘ 


arteriosclerotic morbo cardiac esseva libere de effusion pericardial, 
per le mesme technica. 

3. Es suggestionate que pericarditis rheumatic es possibilemente capace 4 
alterar le capacitate del pericardio pro re absorption, de maniera que liq ido 
accumulate durante un accesso de activitate o in disfallimento pote pers ster 
durante longe periodos de tempore, con le resultato que quando illo es discop: rite, 
su causa escappa facilemente al observator. 
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Ir has been shown that calcium alone 
can produce, when given intravenously 
to animals, the electrocardiographic 
changes seen with digitalis and with 
digitalis toxicity, and data are avail- 
able to show that it takes less calcium 
to produce these changes when the 
animal has been given digitalis, and 
vice versa (Golden and Brams*, Hoff, 
Smith and Winkler®'*). calcium- 
digitalis tolerance test has been used 
in humans to assess their level of digi- 
talization (Nalbandian, Gordon and 
Kautman®). This test is based on the 
studies which have demonstrated the 
synergism between calcium and digi- 
talis in both the isolated heart and in 
the intact experimental animal (Baker 
and Baker', Gold and Kwit?, Salter, 
Sciarini and Gemmel!'®, Salter and 
Runnels). Except for the original 
wor.. references in the literature to 
this (est are infrequent. Lown, Marcus 
and Levine have reported that, “Our 
stud os fail to corroborate its value”, 

had originally designed an ex- 
peri vent using the calcium-digitalis 
test © follow digitalis levels in animals 


before and after heart-lung by-pass. 
However, because of inconstant  re- 
sults in the control animals we were 
led to further study the test per se. 


Methods. The calcium-digitalis 
tests were done on 


tolerance 
10 mongrel dogs; 8 of 
these animals were intact for the entire series 
of tests, while 2 had thoracotomy, heart-lung 
by-pass, and intracardiac procedures prior to 
the third of the series of tests on that animal. 
The animals were anesthetized with 2% sodium 
thiopental, and kept lightly anesthetized dur- 
ing the procedure with additional doses as 
needed. Endotracheal cannulization was not 
needed. Respiratory depression was not seen. 
Immediately following anesthesia the animal 
was weighed, the electrocardiograph elec- 
trodes put in place via needles in the sub- 
cutaneous spaces of each limb, and the elec- 
trocardiogram was connected so that con- 
tinuous visualization of the tracing was avail- 
able directly, or through the use of a Viso- 
scope. Standard limb leads and augmented 
leads were obtained on each animal prior to 
commencement of the tolerance test. Usually, 
standard limb lead II was monitored duriag 
the performance of the test. Besides visual 
monitoring of the tracing, actual recording was 
also done at one and 2 minutes following 
each calcium test dose, and more often as 
indicated. The calcium-digitalis tolerance test 
was performed as described by Nalbandian, 
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TABLE 1.—COMPILATION OF DATA OBTAINED FROM 10 ANIMALS AND 24 TESTS 
TESTS LABELED “DIGITALIS CONTROL” ARE THOSE DONE AFTER THI 
ANIMAL HAD RECEIVED DIGITONIN. WHEN A 2np DIGITALIS CONTRO! 
TEST IS INCLUDED IT WAS DONE 4 HOURS AFTER THE QRIGINAL DIGITALIS 
CONTROL. EDTA REFERS TO ETHYLENEDIAMINETETRACETIC ACID 


CALCIUM-DIGITALIS TOLERANCE TEST RESULTS 


K [Calcium Tolerance | | Sinus 
Dog and Test 4 Digitoxin| test positive Endpoint | Comment Arrhythmia 
* |mg./kg.| with dose no. | | 
' Control! None pvc's None | Dose6 | 
Digitalis control|24.1| .04 7 Pvcs | 
2 Control Te) Bigeminy | Arrhythmia p EDTA Dose 2-8 
Digitalis control |20 04 6 Bigeminy |Retched on dose 9 Dose 2-6 
Digitalis control 7 Bigeminy 
> Control 10 PVC'S Dose 5-7 
Digitalis control |27.5| .06 4 Bigeminy | Arrhythmia p EDTA Dose |-3 
Control 9 PVCS Arrhythmio PEDTA | Dose 4-7 
Digitalis contro! |23 .06 10 Bigeminy | Arrhythmia pEDTA 2°55) Dose 3-8 
Digitalis control i Bigeminy | Arrhythmia pEDTA Dose 9-I0 
2 doses EDTA to= decrease 
5 Control 8 | Bigeminy not abolishment PVC'S Dose 3 
Digitalis control |22.5| .08 7 | Bigeminy EDTAstiliPYCS | Dose I-6 
| or rs 
Digitalis control |Bigeminy |occos. PVC Gdosel 
Control None None 
Digitalis control |22 .06 None 
Digitalis control None 
? Control None None Dose 3-5 
Digitalis control | 12 .08 se) Rhythm a Dose 3-4 
Control 9 Bigeminy | Retched ondose 9 
Digitalis control | 17 07 None Retched on dose 9 
Control 2°AV Block | Retched on dose Dose 
Digitalis control | 18 .08 8 2°AV Block | Dose!-7 
10 Control 2 Bigeminy | Bigeminy 10 pEDTA 
Digitalis control | 23 .08 6 PVCS a | Dose 2-6 | 
with graduated doses of 10% calcium gluco- the previous calcium dose, as per Nal: 
nate (USP) given to the animal intravenously — bandian et al.*. 
every 24 minutes until an electrocardiographic Using each animal as his own control, the 
endpoint indicating digitalis toxicity had oc- test was first done in the undigitalized si ite 
curred, or 12 doses had been given. Follow- Then, while the animal was still anestheti. ed. 
ing the dose producing the positive response, an intravenous dose of digitoxin (USP in 
the amount of 10% or 20% disodium ethyl- an amount between 0.04 and 0.09 mg. pet 


enediaminetetracetic acid (disodium EDTA)® — kg. of body weight was given. The an nal 
was given that would combine with one-half was then returned to its quarters to rece et 


*Disodium ethylenediaminetetracetic acid, Versenate trademark, was furnished thr: sgh 
the courtesy of the Riker Laboratories, Inc., Northridge, California. 
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TEST 


CALCIUM-DIGITALIS TOLERANCE TEST RESULTS 


#\-control 


[]#2-after digitonin 


Fj#3-4hours p #2 


10- 
8- 

7 
4- 
0- : 

| 2 3 6 7 8 9 10 
Animal 
1.—Graphic representation shows results of calcium tolerance test before and after 
digitoxin administration. 

een to 22 hours later the animal was again gree atrioventricular block was noted, 
sthetized with 2% sodium thiopental and a 


tolerance test 
In 2 animals the digitalis-calcium toler- 
test was repeated 4 hours following 
rt-lung by-pass and intracardiac surgery. 
! other animals the test was repeated 4 
rs later, but with the animal remaining 
t during that period of time. 


md calcium-digitalis was 


tesults. Table 1 provides a summary 
he changes occurring in the animals. 
salient findings are that of 10 dogs 
ed, 7 animals had a positive cal- 
n tolerance test in the control state; 
' is, prior to receiving any digitalis. 
s occurred after dose 8 in all of 
animals except No. 1, in which it 
ured with the second dose. Except 
one animal in which a second de- 


all of the animals who had a positive 
test had premature ventricular contrac- 
tions as the manifestation of toxicity. 

Following the administration of dig- 
itoxin, the “second” calcium-digitalis 
tolerance test showed that 6 of the 
animals (No. 1, 2, 3, 5, 7 and 9) had 
a test which was positive on a smaller 
dose than in the control state. However, 
3 of the animals (No. 4, 8 and 10) had 
a test which was positive at a greater 
dose than was found to produce a posi- 
tive test in the control state; and one 
animal (No. 6) had neither a positive 
test in the control state nor in the post- 
digitoxin state (Fig. 1). 

In almost all of the tests a sinus 
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Fig. 2—This shows the magnitude of the sinus arrhythmia commonly seen during the 


tolerance test. 
state one minute 


arrhythmia occurred on the second or 
third dose of calcium. This arrhythmia 
became marked in most of the animals 
during the gr part of the tolerance 
test (Fig. 2 Also, in 4 of 10 animals 
was at some time during 
the tolerance test, usually during the 
latter phase. 

In 7 of 26 tests done on 10 dogs 
(and in 5 of 10 dogs) the administra- 
tion of disodium EDTA as described 
did not abolish the arrhythmia after 
a period of 5 minutes, and in some of 
the animals the arrhythmia recurred 
following its original abolition with 
disodium EDTA. In one animal a sec- 
ond dose of disodium EDTA did not 
abolish the arrhythmia. 

Discussion. The synergistic relation- 
ship of calcium and digitalis on the 
myocardium has been well established 
in the literature (Golden and Brams*, 
McGuigan and Higgins‘). An exact 
quantitative relation has been shown 
in the isolated heart preparations sus- 
pended in a perfusion media in which 
variations in both the calcium, potas- 
sium and digitalis concentrations were 
made (Salter and Runnels'', Smith, 
Winkler and Hoff'?). Nalbandian et al. 
have described a calcium-digitalis tol- 
erance test in experimental animals 
and in humans. From their studies 
they were able to derive test doses 
and criteria for determining the level 
of digitalization of the subject being 
tested. In their published animal work 
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calcium 


This particular arrhythmia occurred in dog No. 3 in the control ( undigitalized 
after calcium dose No. 9. 


3 control dogs were used and in these 
animals an endpoint was not reached 
after 12 doses of calcium (the com- 
plete test)>. This is in direct contrast 
to our findings in which 7 of 10 ani- 
mals showed a_ positive test in the 
undigitalized state. Their data would 
indicate that the animals used weighed 
between 8 and 14 kg., while as noted 
our animals usually weighed over 20 
kg., with only one animal weighing 
less than 14 kg. (Table 1). This should 
mean that the blood calcium levels in 
our animals would be less for any given 
dose than in the animals of their study. 
Our animals were anesthetized with 
sodium thiopental. There is no evi- 
dence to indicate that the latter drug 
has any effect on blood calcium levels, 
or that it sensitizes the heart to cal- 
cium (Goodman and Gilman‘). 
Besides the presence of a significant 
number of positive tests in the control 
state, another phenomenon _ noted 
rather consistently was sinus arrhyth- 
mia. This usually appeared on_ the 
second or third dose and by the fifth 
or sixth dose it was usually marked, 
with long periods of asy stole occurring. 
Also, as noted previously, re 
curred in a number of animals. In 3, 
this occurred during the control Y te 
without digitalis. This, therefore, 


seemed directly related to the adm n- 
istration of calcium gluconate. 

The findings after the administrat:o1 
of digitoxin of magnitude to produce a 
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least 
animal were again interesting. Six of 10 
dogs did have a test which was posi- 


partial digitalization in every 


tive at a lower dose 


control study. 


than during the 
y. However, 3 of 10 animals 
received doses of calcium in excess of 
that required to produce an electro- 
cardiographic endpoint in the control 
state. In 2 animals, this was a very 
significant difference of 3 or 4 doses. 
These latter 3 animals had received 
0.06 to 0.08 mg. per kg. of digitoxin 
intravenously. The one animal with no 
endpoint after digitalization had_re- 
ceived 0.06 mg. per kg. of digitoxin. 

To evaluate the reproducibility of 
the test a second test was done in 4 
animals 4 hours after the first test 
done in these digitalized animals. Three 
of these had different endpoints from 
the preceding test; 2 (no. 2 and 4) had 
an endpoint one test dose later, while 
the third (No. 5) had an endpoint 6 
earlier. Th tvpe of “control” 
suggested instability of the test, as did 
the results in the animals when the 
control and post-digitalis control tests 
were correlated. It is not felt that the 
interpretation of the  electrocardio- 
graphic endpoint would account for 
the findings, since the endpoint was 
bigeminy (No. 2, 3, 5 and 10), or 
multifocal premature ventricular con- 
tractions (No. 4), or second degree 
atrioventricular block (No. 9), end- 
points incapable of being misinterp- 
reted. 

\lso brought out was the inability 
of disodium EDTA to block the end- 


dose 
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point in a significant number of cases. 
In animal No. 4, bigem‘ay recurred 33 
minutes after the administration of 
disodium EDTA in one test; and in 
unother test in the same animal, 2 doses 
did not abolish the arrhythmia. In still 
another animal (No. 5) the standard 
dose of disodium EDTA did not show 
any change in the endpoint. Subse- 
quently a second dose resulted only in 
a decrease of the premature ventricular 
contractions. In this animal the bigem- 
iny recurred frequently for 3 hours. 
Disodium EDTA did not block the 
arrhythmia within a period of 5 min- 
utes in 50% of the dogs (or in 28% of 
the tests). Although this was very dis- 
turbing, none of the dogs had a serious 
or fatal arrhythmia. However, one ani- 
mal did die approximately 48 hours 
after the second calcium-digitalis tol- 
erance test; that is, the test after the 
administration of digitoxin. 

Summary. Ten mongrel dogs were 
subjected to the calcium-digitalis tol- 
erance test in the nondigitalized state 
and after digitoxin administration. 
Seven dogs had a positive test in the 
control state, and 3 required more cal- 
cium after the administration of digi- 
toxin than in their control state. The 
results of this test were so variable 
that we were unable to show a strictly 
quantitative relation between digitalis 
and this type of calcium administra- 
tion. The reason our results differ 
from those in previous reports is not 
obvious. 
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SUMMARIO IN INTERLINGUA 
Experientias in Animales con le Test de Tolerantia pro Calcium e Digitalis 


Dece canes bastarde esseva subjicite al test de tolerantia pro calcium « 
digitalis in le stato non-digitalisate e post le administration de digitoxina. Septe 
canes habeva un test positive in le stato de controlo, e 3 requireva plus calcium 
post le administration de digitoxina que in le stato de controlo. Le resultatos 
del test esseva si variabile que nos non poteva demonstrar un relation stricte- 
mente quantitative inter digitalis e iste typo de administration de calcium. Le 
rationes que pote explicar proque nostre resultatos differe ab illos de previe 
reportos non es obvie. 


SUMMARIO IN INTERLINGUA 


(See page 183 for original article ) 


Absentia de Reflexos Profunde: Un Indicio Diagnostic de 
Non-Suspicite Diabete 


1. Es presentate casos representative pro indicar le signification clinic del 
absentia del reflexos profunde como indicio in le diagnose de diabete in le 
absentia de hyperglycemia e glycosuria. 

2. Le application practic de iste constatation deberea esser de grande adjuta in 
le effortio de solver certe obscur problemas clinic. 

3. Le implicationes theoric del constatation que diabete pote presentar se sin 
patente deficit in le metabolismo de hydratos de carbon es de importantia 
fundamental. Illos suggere que diabete es un generalisate processo pathologic; 
que su numerose aspectos pote occurrer in independentia de un disordine in 
le economia de hydratos de carbon; e que le varie faciettas del morbo es 
phenomenos concomitante plus tosto que complicationes. 
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ABSENT DEEP REFLEXES: 


A DIAGNOSTIC CLUE 


IN UNSUSPECTED DIABETES 


By Max EvLenserc, M.D. 
ASSISTANT ATTENDING PHYSICIAN 


(From the Department of Medicine, 


Tue most reliable objective criterion 
in the diagnosis of diabetic neuropathy 
is the bilateral symmetrical absence of 
knee jerks and ‘ankle jerks. In a re- 
lated study it was shown that deep 
reflexes are normally present, even in 
old age, thus validating the signifi- 
cance of their absence in diabetic neu- 
ropathy (Ellenberg? ). Absence of deep 
reflexes therefore has clinical signifi- 
cance, requires explanation and merits 
investigation. 

The present report concerns itself 
with the application of this fact, name- 
ly, that the absence of deep reflexes 
indicates an abnormal state. In the 
course of a study of deep reflex re- 
sponses in a general population some 
instances were encountered where 
these reflexes were bilaterally absent 
and there was no associated overt neu- 
rologic disease to explain this finding. 
Although there was neither hype rgly- 
cemia nor glycosuria, the suspicion of 
diabetes with diabetic ne uropathy was 

entertained since many of these pa- 
tients had clinical syndromes entirely 
compatible with the diagnosis of dia- 
betes and its known complications. 
The original suspicion was enhanced 
the commonly present family his- 
toy of diabetes and corroborated by 
a. elevated 2-hour postprandial blood 
si car and a diabetic type of glucose 
to orance test. 

‘he following case reports are illus- 
tr tive examples: 


All blood sugar determinations were made 


The Mount Sinai Hospital, New York, New York) 


Case Reports. case 1. This 52-year-old 
colored woman was admitted with history 
of recurrent episodes of dizziness and faint- 
ing. Prior investigation revealed the basis to 
be Stokes-Adams syndrome consequent to 
a complete heart-block. There was no_poly- 
uria, polydypsia or weight loss. Her past 
history was negative. There was no previous 
knowledge of diabetes or hypertension. The 
family history was negative for diabetes. 

On examination the blood pressure was 
160/70 mm. Hg; a grade three systolic mur- 
mur was heard at the base and apex; a thrill 
was palpable over the carotid arteries; th: 
peripheral pulses were patent. Neurological 
examination revealed absent ankle jerks and 
knee jerks bilaterally; examination of the 
fundi revealed two pin-point hemorrhages 
suggestive of diabetic retinopathy. Laboratory 
findings revealed: urine negative for reducing 
substances; fasting blood sugar 88 mg. per 
100 ml.°; blood urea nitrogen 15 mg. per 
100 mil.; cholesterol 280 mg. per 100° ml. 
Electrocardiogram confirmed the presence 
of complete heart block with atrioventricular 
dissociation. 

Although the fasting blood sugar was nor- 
mal and the urine was negative for sugar, 
the diagnosis of diabetes was entertained in 
view of the bilateral absence of deep reflexes 
in the presence of severe coronary arterio- 
sclerosis in a woman. This was confirmed by 
an elevated 2-hour postprandial blood sugar 
of 180 mg. per 100 ml. and a typical dia- 
betic glucose tolerance test. 

It is interesting to note that in an effort 
to control the heart block, which at times 
required the use of the pacemaker, a trial 
of corticosteroids was undertaken. While on 
steroids the patient developed frank hyper- 
glycemia and glycosuria. 


COMMENT. A clinical picture (severe 
coronary arteriosclerosis in a woman ) 


using the Somogyi method. By this method 


l( mg. per 100 ml. is the upper limit of fasting blood sugar, and 120 mg. per 100 ml. is the 
a »pted upper limit of the 2-hour postprandial value. 
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compatible with and explained by dia- 
betes plus the absence of deep reflexes 
indicative of diabetic neuropathy led 
to the establishment of the correct 
underlying etiological diagnosis. 


CASE 2. This 73-year-old white woman sus- 
tained an intracapsular fracture of the left 
femur. She was admitted to another hospital, 
but because of the development of atrial 
flutter, surgery was postponed and she was 
transferred to the Mount Sinai Hospital one 
week later. She stated that for the past 24 
hours she had urinated infrequently and only 
small amounts. Family history and past his- 
tory were noncontributory. 

On examination, she was slightly disori- 
ented. An apical systolic murmur was present; 
blood pressure was 180/60 mm. Hg; the 
peripheral pulses were all patent. A large 
mass was palpable in the abdomen; it was 
smooth, movable, arose from the pelvis and 
extended to the umbilicus. Urethral catheter- 
ization yielded 1800 ml. of urine and was 
followed by disappearance of the mass. At 
no time did the patient complain of urinary 
discomfort. The blood urea nitrogen which 
had been 10 mg. per 100 ml. at the time of 
fracture had now risen to 98 mg. per 100 ml. 
Twenty-four hours after catheterization the 
patient had still not voided and at this time 
a Foley catheter was left indwelling. Uri- 
nalysis revealed two plus albuminuria, no sugar 
and many white blood cells; blood Wasser- 
mann was negative; hemoglobin 11.6 gm.%; 
sedimentation rate 35 mm. per hour; white 
blood cell count 12,800 per c.mm. 

It was obvious that urinary retention was 
present, but the explanation for this posed 
a diagnostic problem for which there seemed 
no ready answer. Careful neurological evalua- 
tion revealed an absence of knee jerks and 
ankle jerks associated with diminished vibra- 
tory and pin-prick sensations in the lower 
extremities. Although the fasting blood sugar 
was 84 mg. per 100 ml. the neurological 
signs pointed to the diagnosis of diabetes 
and a diabetic neurogenic bladder. This was 
further suggested by a lumbar puncture which 
revealed the spinal fluid protein to be ele- 
vated to 100 mg. per 100 ml. with all other 
aspects, including Wassermann test, being 
normal. Therefore, a 2-hour postprandial 
blood sugar was performed which showed 
an abnormal elevation to 168 mg. per 100 
ml. Cystometrogram revealed complete ab- 
sence of sensation even after the instillation 
of 800 ml. of fluid and a pressure of 25 mm. 
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Following the indwelling catheter, the bloo« 
urea nitrogen fell to normal levels. Repeat 
cystometrogram revealed persistence of an 
atonic bladder without sensation. Cystoscopy 
revealed a bladder with trabeculation and 
normal except for increased capacity. Rese« 
tion of the internal vesical sphincter wa 
therefore advised, but the patient refused an: 
was discharged for chronic care with an in 
dwelling catheter. 


COMMENT. The bilateral absence of 
deep reflexes led to the suspicion of 
diabetes. The elevated 2-hour post 
prandial blood sugar, the elevated 
spinal fluid protein and the hypotoni« 
bladder all indicated neurogeni: 
bladder on the basis of diabetic neu- 
ropathy. Further inquiry revealed that 
for the past year there had been some 
frequency of urination and nocturia. 
The sequence of events would then 
suggest a previously partial diabetic 
neurogenic bladder with the bone frac- 
ture acting as a stress situation result- 
ing in urinary 


complete retention 


( Ellenberg? ). 


cAseE 3. This 58-year-old woman was ad- 
mitted to the Mount Sinai Hospital with a 
history of vomiting, weakness and dizziness 
She was a known mild hypertensive of 10 
years’ duration during which time she had 
been observed in the outpatient clinic. For 
the past year she manifested the classical 
evidences of a nephrotic syndrome, accom- 
panied by azotemia, weakness, nausea and 
failing vision. For the past several weeks sl 
had noted an ulcer on the right big toe 
Family history revealed that her mother had 
diabetes mellitus. 

On examination, generalized anasarca was 
present. She was lethargic and there was a 
uremic odor on the breath; blood pressur 
160/100 mm. Hg; fundi showed grade thre 
retinopathy with exudates and hemorrhages 
a small effusion was present at the right b: 
the liver was enlarged two finger breadthis 
below the costal margin; all peripheral pulses 
were palpable; there was a necrotic ulcer at 
the tip of the right toe with surrounding 
cellulitis; neurological examination revea!ed 
absence of ankle jerks and vibratory sensa- 
tion in the toes. 

Urinalysis revealed two to four plus al/vu- 
minuria with many white cells and some ca+ts; 
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sedimentation rate 127 
mm. per hr.; blood urea nitrogen 50 mg. per 
100 ml; carbon dioxide 16.5 mEq. per L.; 
total protein 5.5 gm.% with albumin 2.6 
and globulin 2.9; sodium 129 mEq. per L.; 
potassium 4.2 mEq. per L.; cholesterol 310 
mg. per 100 ml.; creatinine 7.6 mg. per 100 
ml.; 24-hour Esbach showed 4 gm. of protein 
per 

The patient was at first thought to have 
a nephrotic syndrome secondary to chronic 
diffuse glomerulonephritis. However, the 
presence of a nephrotic syndrome in associ- 
ation with the absent ankle jerks strongly 
raised the question of diabetes mellitus even 
though the fasting blood sugar was 64 mg. 
per 100 mal. An oral glucose tolerance test 
showed a 2-hour value of 133 mg. per 100 
ml. The intravenous glucose tolerance test 
showed a rise at one-half hour to 220 mg. 
per 100 ml. and at one hour to 191 mg. per 
14) ml. These abnormal values validated 
the diagnosis of diabetes. 

The patient was discharged to the out- 
patient department. In the clinic a fasting 
blood sugar was elevated to 109 mg. per 100 
ml. The patient was readmitted 6 months 
later because of marked increase in her 
ivotemia with progressive rise of the blood 
urea nitrogen to 146 mg. per 100 ml. and 
the creatinine to 17.4 mg. per 100 ml. Ex- 
amination at this time was the same as on 
the previous admission except that the knee 
jerks were absent as well as the ankle jerks. 
The urine was loaded with Gram-positive 
cocci and white cells in addition to the per- 
sistent four plus albuminuria. A blood cul- 
ture grew out paracolon bacillus. Although 
energetically treated, she died in coma short- 
ly after admission. 

\ necropsy showed the classical findings of 
Kimmelstiel-Wilson lesion, namely nodular 
hyalinization of the glomeruli as well as 
arterio- and arteriolosclerosis. 


hemoglobin 5 gm.%; 


OMMENT. The presence of a nephrot- 
ic syndrome in a woman with a family 
history of diabetes plus a necrotic ulcer 
of the toe in the presence of good 
pulses suggested diabetes. The absence 
of deep reflexes established the diag- 
nosis under these circumstances. The 
ret nopathy which was originally 
th ught to be on a hy pertensive, uremic 
basis was entirely compatible with 
dia etic retinopathy. The elevated 
glucose tolerance test curves were cor- 
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roborative. The necropsy, of course, is 
entirely diagnostic. This could easily 
have become another “unexplained 
case” of Kimmelstiel-Wilson disease not 
due to diabetes. 


case 4. This was the first Mount Sinai 
Hospital admission of 52-year-old Puerto 
Rican woman. Her chief complaints were 
typical of acute myocardial infarction. This di- 
agnosis was confirmed by classical electrocar- 
diographic changes, fever, elevated sedimen- 
tation rate, leukocytosis and increase in serum 
transaminase. The blood pressure was 130/80 
mm. Hg. There was no history of hypertension 
or diabetes and no family history of diabetes. 

Laboratory investigation revealed a_ fast- 
ing blood sugar of 79 mg. per 100 ml.; blood 
cholesterol 220 mg. per 100 ml.; and blood 
urea nitrogen 14 mg. per 100 ml. Urinalysis 
was normal. 

The pathogenesis of the coronary sclerosis 
and myocardial infarction in this middle- 
aged woman remained unexplained. Subse- 
quently a careful neurological examination 
was performed which revealed the bilateral 
absence of knee jerks and ankle jerks. On 
this basis the diagnosis of diabetes mellitus 
was made which was confirmed by a 2-hour 
postprandial blood sugar of 150 mg. per 
100 ml. and further documented by a typical 
diabetic glucose tolerance test. 


COMMENT. The presence of myo- 
cardial infarction in a female in the 
absence of hypertension and hyper- 
cholesterolemia raised the possibility 
of diabetes mellitus. In this instance 
the absence of glycosuria and the pres- 
ence of a normal fasting blood sugar 
were initially accepted as eliminating 
this possibility. However, the demon- 
stration of absent knee jerks and ankle 
jerks led to the laboratory corrobora- 
tion of the underlying diabetes and 
thus revealed the pathogenesis of the 
basic vascular defect. 


casE 5. This was the first Mount Sinai 
Hospital admission of a 76-year-old white 
woman who fell and sustained an intracap- 
sular fracture of the hip. Past history was 
negative; family history was noncontributory. 

On examination, the blood pressure was 
normal and there were no significant abnor- 
malities other than those relating to the 
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fracture. Urinalysis revealed 20 to 30 white 
blood cells, rare clumps, occasional red blood 
cells per high power field, two plus albu- 
minuria but glycosuria. Urine culture 
revealed B. proteus and Aerobacer aerogenes. 
Sedimentation rate was 52 mm. per hour; 
fasting blood sugar 83 mg. per LOO ml.; cho- 
lesterol 280 mg. per 100 ml.; blood urea 
nitrogen 21 mg. per 100 ml. A’ roentgeno- 
gram of the chest failed to reveal any pulmo- 
nary infiltration. 

Shortly after admission the patient was 
noted to be febrile. Although at first it was 
suspected that the elevation of the tempera- 
ture might be coming from a urinary tract 
infection, this was discarded in favor of 
pulmonary pathology because of the presence 
of some basal rales. Repeated blood cultures 
were negative but a leukocytosis varying 
from 10,000 to 15,000 white blood cells per 
c.mm. was present. The patient was treated 
empirically with penicillin and Chloromyce- 
tin in therapeutic doses for 10 days with no 
effect. She was then treated with tetracycline 
and streptomycin again with no effect on 
the febrile course. In the interim a Lippmann 
prosthesis was performed. Repeated routine 
examinations eventually included neuro- 
logical status which elicited the absence of 
deep reflexes in the upper as well as lower 
extremity. In addition the upper extremity 
revealed symmetrical atrophy of the interos- 
sei muscles and of the thenar and hypothenar 
eminences. These findings indicated the pres- 
ence of diabetes with diabetic neuropathy 
and raised the possibility of an associated 
neurogenic bladder. The patient was catheter- 
ized and a residual of 300 ml. of urine was 
obtained. The diagnosis of diabetes was es- 
tablished by demonstrating an elevation of 
the 2-hour postprandial blood sugar and 
further confirmed by a diabetic glucose toler- 
ance test. The presence of a neurogenic blad- 
der was established by cystometrogram studies 
which revealed an atonic bladder with no 
sensation even after the instillation of 800 
ml. of fluid. A lumbar puncture revealed nor- 
mal manometric readings, normal cell count, 
negative serology but an elevated spinal fluid 
protein of 84 mg. per 100 ml. 

It was now apparent that the patient had 
diabetes, diabetic neuropathy and an associ- 
ated atonic bladder on a neurogenic basis 
with secondary urinary infection. A Foley 
catheter was introduced and left indwelling. 
With this relief of the urinary obstruction, 
the patient’s temperature rapidly cleared and 
she had an excellent clinical response. 
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COMMENT. The bilateral absence of 
deep reflexes was the clue to the diag- 
nosis of diabetes, diabetic neuropathy 
and neurogenic vesical dysfunction 
This led to the institution of the neces- 
sary and indicated therapy resulting 
in prompt alleviation of the threaten- 
ing clinical picture and eventuated in 
a rapid recovery for this patient. 


\ 60-year-old white man entered 
the hospital with the chief complaint of pain 
in both lower extremities for the preceding 
8 months. Past history was significant in that 


CASE. 6. 


one year before he had had a cerebral vas 
cular accident, with temporary right-sided 
paresis and aphasia. Eight months ago, ap- 
parently unrelated to the stroke, he had noted 
pain in both thighs, calves and feet, increas- 
ing in severity. The pain was almost always 
nocturnal, being described as a cramp, wors: 
in the supine position, severe enough to pre- 
vent sleep and relieved by walking. He was 
admitted for the possibility of a spinal cord 
neoplasm. There was no previous history of 
diabetes and the family history was negative 
for diabetes. 

On examination, the patient was well d 
veloped and not acutely ill. Fundi were neg- 
ative, with no hemorrhages or exudates; the 
pupils were normal; blood pressure 170/50 
mm. Hg; the peripheral pulses were normal 
Neurological examination revealed residual 
old right hemiparesis with a mild expressive 
aphasia; there was mild generalized weak- 
ness of both lower extremities; all deep ten- 
don reflexes were absent except those of thi 
right upper extremity. Oscillometric readings 
of the lower extremities were normal. 

Laboratory findings were: 
gravity 1.022, two plus albumin, an occa- 
sional white blood cell without casts and no 
hemoglobin 14 gm.%; white blood 
count 9,000 per c.mm., with a normal difler- 
ential; erythrocyte sedimentation rate 37 1mm 


urine specil 


sugar, 


per hour; blood urea nitrogen 7 mg. per [00 
mi.; total protein 7.5 gm.%, albumin 4.1, 
globulin 3.4; cholesterol 234 mg. per 100 :l.; 
alkaline phosphatase King-Armstrong 
units; acid phosphatase 1.1 units. 

Although the history and evidences of 
clinical diabetes were completely laching. 
the bilateral absence of knee jerks and ankle 
jerks and symptoms referable to this pati it's 
neuropathy were so strongly suggestive hat 
a clinical diagnosis of diabetes was postu! ted 
on the basis of these observations in the | ght 
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This was confirmed 
by a 2-hour postprandial blood sugar level of 
222 mg. per 100 ml. As further confirmation, 
a lumbar puncture was performed which was 
completely negative in all details except for 
the elevation of the total spinal fluid protein 
to 62 mg. per 100 ml. On bed-rest and a 
diabetic diet the symptoms gradually tended 
to disappear. Follow-up information disclosed 
that the improvement has continued. 


of previous experience. 


COMMENT. Here again, the clue to 
the presence of diabetes was the bi- 
lateral absence of deep reflexes in the 
lower extremities, abetted by 
toms that entirely comp: atible 
with diabetic neuropathy. The elevated 
blood sugars, the elevated spinal fluid 
protein unaccompanied by any other 
abnormalities, and the course corrobo- 
rated the clinical impression. 


S\ mp- 
were 


case 7. This was the first Mount Sinai 
Hospital admission of a 73-year-old white 
woman complaining of poor circulation of 
the right foot. Eight months ago she had 
noted coldness of the right toes which was 
followed by cracking of the skin and the 
development of ulcers on the right heel and 
at the base of the right toe. One week ago 
she noted bluish discoloration of the right 
toes. Family history was significant in that 
a sister had diabetes. 

On examination, the blood pressure was 
150/70 mm. Hg; bilateral lenticular opacities 
were present. No pulses were palpable below 
the femoral artery bilaterally. There was an 
ulcer on the volar aspect of the base of 
the right great toe and on the lateral surface 
of the heel accompanied by edema of the 
richt foot and bluish discoloration of the right 
toes. The ankle jerks and knee jerks were ab- 
sent bilaterally. 

Although the fasting blood sugar on ad- 
mission was 96 mg. per 100 ml. and urinaly- 
sii was negative for sugar, a diagnosis of 
diibetes mellitus was made because of the 
alsence of the deep reflexes in the lower ex- 
tr mity. The presence of a family history was 
contributory. The diagnosis was established 
b: finding an elevation of the 2-hour post- 
pr indial blood sugar to 210 mg. per 100 ml. 
a. | further confirmed by a diabetic type of 
gl cose tolerance test. 

‘he course of the patient is of interest in 
th t she developed progressive gangrene of 
th involved foot with secondary infection. 
T! » temperature became elevated and simul- 
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taneously she developed frank clinical dia- 
Fortunately, the diagnosis had been 
established by this time and the necessary 
therapy was instituted forthwith. The involve- 
ment of the foot led to a below the knee 
amputation. Following this procedure all signs 
of infection disappeared and the fasting blood 
sugar once again became normal. 


betes. 


COMMENT. This case illustrates the 
significance of absent deep reflexes in 
suspecting diabetes in the absence of 
overt alteration of carbohydrate metab- 
olism. The positive family history plus 
the compatible clinical picture were 
suggestive and the bilateral absence of 
the knee jerks and ankle jerks was 
confirmatory. Proper laboratory tests 
established the clinical diagnosis. The 
knowledge of the presence of diabetes 
facilitated prompt recognition of the 
development of frank clinical diabetes 
and the prompt institution of therapy. 

Discussion. The clinical significance 
of the ability to diagnose diabetes via 
the clue of absent deep reflexes is ap- 
parent. It has proven to be a great aid 
in unmasking the 
otherwise 


pathogenesis ot 
unexplained syndromes; in 
establishing the proper diagnosis; in 
permitting anticipation of the poten- 
tial occurrence of hyperglycemia and 
glycosuria with the resulting prompt 
institution of metabolic regulation: and 
in indicating specific adjunctive thera- 
pies which have at times dramatically 
With in- 


creasing experience, it has become evi- 


altered the clinical course. 


dent that a common cause of unex- 
plained symmetrical absence of deep 
Con- 
the presence of une xplained 
absence of deep reflexes is enough to 
strongly suggest the diagnosis of dia- 


reflexes is diabetic neuropathy. 
versely, 


betes and makes its exclusion manda- 
tory. 

The theoretic implications are of 
great importance. It is increasingly 


evident that diabetes mellitus is a gen- 
eralized fundamental disease process 
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only one aspect of which is a disorder 
of carbohydrate metabolism. Other as- 
pects of the syndrome include retinop- 
athy (Wagener* ), nephropathy (Freed- 
man"), neuropathy (Ellenberg*) arteri- 
osclerosis (Dry and Hines!) and the 
complications of pregnancy ( Jackson‘). 
This concept carries with it the impli- 
cation that any or all of these aspects 
may occur independently of hypergly- 
cemia and glycosuria and, by the same 
token, may be the pre senting clinical 
manifestation of diabetes. Further it 
implies that those facets of diabetes 
mellitus other than aberration of car- 
bohydrate metabolism are not compli- 
cations of diabetes but rather are integ- 
ral parts and basic manifestations of 
the syndrome of diabetes mellitus. 
Diabetic neuropathy presenting as 
the initial clinical manifestation of dia- 
betes has been previously documented 
( Ellenberg’). In the type of case pre- 
sented in this paper diabetic neurop- 
athy manifested by absent deep reflexes 
has led to the diagnosis of diabetes in 
the absence of clinical hyperglycemia 
and glycosuria. That the absent reflexes 
are part of the picture of diabetic neu- 
ropathy is supported by the finding of 
an elevated spinal fluid protein with 
no other associated abnormalities of the 
spinal fluid. Thus diabetes mellitus 
may, at least in this situation, be diag- 


1. Dry, T. J., and Hines, E. A., Jr.: 
Ellenberg, M.: 


Idem: Ann. Int. Med., 52, 1067, 1960. 
Idem: Ibid., 49, 3, 1958. 

Freedman, L. R.: 

. Jackson, W. P. U.: 


bo 
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nosed long before there is any clinical 
evidence of deranged carbohydrate 
metabolism. The importance of the 2- 
hour postprandial blood sugar or glu- 
cose tolerance test, and the unreliabil- 
ity of the fasting blood sugar in this 
category is evident. 

This approach may well lead to a 
greater appreciation of the wide ‘spread 
occurrence of diabetes mellitus, an 
awareness of its more subtle clinical 
presentations, the earlier recognition 
of the disease and a better understand- 
ing of its fundamental complexities. 

Summary. 1. Representative cases 
are presented to indicate the clinical 
significance of absent deep reflexes as 
a clue to the diagnosis of diabetes in 
the absence of hyperglycemia and gly- 
cosuria, 

The practical application of this 
finding should be of great aid in help- 
ing resolve some obscure clinical prob- 
lems. 

The theoretical implication of dia 
betes presenting without overt carbo- 
hydrate metabolic deficit is of funda 
mental importance: it suggests that 
diabetes is a generalized disease proc- 
ess; that its many aspects may occul 
independently of the c wbohydr: ite dis- 
order; and that the various facets of the 
disease are concomitants rather than 
complications. 
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INTRAVENOUS TOLBUTAMIDE AND CEREBRAL HEMODYNAMICS 
AND OXYGEN CONSUMPTION 


By Rosauie A. Burns, M.D. 
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EMRENREICH, M.D. 


W. ALMAN, M.D. 


AND 


Josepu F. 


Fazekas, M.D. 


(From the Department of Neurology, New England Center Hospital, Boston, Massachusetts ) 


Recent reports have attributed to 
the oral hypoglycemic agent, tolbuta- 
mide, a salutory effect upon the symp- 
toms of the parkinsonian syndrome 
(Gates and Hyman*) and of multiple 
sclerosis (Sawyer® ). Although — the 
mechanism of action was not defined 
in these clinical studies, it was specu- 
lated that the therapeutic effect might 
be related to altered carbohydrate 
metabolism in the central nervous sys- 
tem tissue, presumably apart from 
changes caused by cerebral carbohy- 
drate deprivation due to hypoglycemia. 
We considered it worthwhile to de- 
termine whether tolbutamide, if in- 
deed capable of producing sympto- 
matic improvement in these neurologi- 
cal disorders, might not do so by 
altering cerebral hemodynamics or by 
exerting a demonstrable direct influ- 
ence upon cerebral oxygen consump- 
tion 


Method. Six patients hospitalized at the 
New England Center Hospital were the sub- 
ject’ of this study; 5 had organic central 
her\ous system disease and one had no evi- 
den cerebral dysfunction. In all subjects 
ot one, observations were performed in 
the ‘asting state. 

S \einberg and Stead’s modification? of 
Ket) and Schmidt’s procedure? for the de- 


his investigation was supported in part 
Nat 


Pub > Health Service. 


termination of cerebral blood flow was em- 
ployed in this study. The oxygen content of 
the blood was determined by the manometric 
technique of Van Slyke and Neill5. Mean 
arterial pressure was obtained directly from 
the femoral artery by means of a damped 
aneroid manometer (Alman and Fazekas!). 
Blood pH and CO. tension were measured 
on an Instrumentation Laboratories Meter, 
employing a glass electrode for measurement 
of pH and a Severinghaus-type electrode for 
the determination of CO: tension. Glucose 
determined by the Nelson- 
Somogyi 

Immediately after control data of cerebral 
hemodynamics and oxygen consumption were 
obtained, 1 gm. of tolbutamide dissolved in 
10 ml. of water was administered intravenous- 
ly. Arterial and internal jugular venous blood 
samples were withdrawn simultaneously, 20 
minutes after the injection, for analysis of 
blood constituents. Forty minutes after in- 
jection, cerebral hemodynamic and metabolic 
observations were repeated. 


values were 


Results. As is indicated in Table 
the pharmacological effectiveness of 
the doses of tolbutamide administered 
is reflected by moderate to marked re- 
duction of arterial blood sugar levels 
in every case. Nevertheless, no signifi- 
cant changes in cerebral hemodynamics 
or cerebral oxygen consumption could 
be demonstrated, nor were there ob- 
served appreciable alterations of arte- 


by a research grant (PHS B-2550) from the 
ial Institute of Neurological Diseases and Blindness of the National Institutes of Health, 
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rial 
arterial pH. Calculation of cerebral glu- 
cose uptake was attempted but, in 
view of the small cerebral arteriovenous 
glucose difference and the number of 


content or tension, nor of 


sources Of possible laboratory error 
the determination, indi- 
vidual results were not considered to 
be of satisfactory reliability. The mean 
cerebral glucose uptake (not included 
in the table) showed no. significant 
change after tolbutamide administra- 
Despite the reduction of blood 
(which fell as low as 42 mg. 
per 100 ml. in the arterial blood ), none 
of the subjects experienced any un- 
usual symptoms, including 
hypoglycemia. No objective evidence 
in neurological status, either 
improvement or worsening of the un- 
derlying disorder, did 
unrelated become 
apparent, 
Discussion. ‘The 
vestigation fail to 
change in the 
ured, 


involved in 


tion. 
sugar 


those of 
of change 


was noted, nor 
neurological — signs 
this in- 
demonstrate any 
cerebral functions meas- 
associated with intravenous tol- 
butamide administration in doses suffi- 
cient to induce significant reduction in 
blood glucose levels. Although the ex- 
perimental conditions were not com- 
parable to those under which the re- 


results of 


ported clinical (Gates and 
Hyman?, Sawver®) were conducted, 
nevertheless, certain conclusions can 


be drawn concerning the effects of tol- 
but.umide upon overall cerebral circu- 
lation and carbohydrate metabolism. 
While only one of the subjects of 
thi: study had multiple sclerosis and 
nor suffered from the parkinsonian 
syvy ‘rome, we consider it highly un- 
lik that a quantitatively demon- 
str. le cerebral hemodynamic or meta- 
bo! response to tolbutamide, medi- 
ate through changes in carbohydrate 
me bolism, would occur in patients 
ha, .¢ these disorders. and not in 
oth s; there is no evidence that the 
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cerebral dysfunction is related to  dis- 
turbed carbohydrate metabolism. For 
that matter, the stability of cerebral 
oxygen consumption in our subjects 
indicates that oxidative energy produc- 
tion was not influenced by tolbutamide: 
and the R.Q. approximating unity 
further denotes that carbohydrate oxi- 
dation continued to completion even 
after administration of the drug. In- 
directly, therefore, it can be concluded 
that cerebral utilization was, 

fact, unchanged even in the pres- 
ence of reduced blood levels. 
The latter again demonstrates the 
well-known fact that the blood glucose 
levels at which hypoglycemic symptoms 
appear may be variable (there 
were no cl Sg in our subjects ), 
perhaps because of adequate delivery 
rates related to high 
blood flow, « 


glucose 


sugar 


quite 


rates of cerebral 
w to superior blood-tissue 
transport mechanisms in some cases. 

Any therapeutic effectiveness of tol- 
butamide in multiple sclerosis and 
parkinsonism is unlikely to depend 
upon alterations in blood pH and CO, 
tension (it is well recognized that 
changes of this nature may, by altering 
cell membrane perme ability, influence 
neuronal excitability ) for neither these 
chemical changes nor the cerebral 
alterations which they 
cause could be detected in our sub- 
jects; and it is hardly reasonable to 
suppose that they might, nevertheless, 
be induced in patients with parkin- 
sonism and multiple sclerosis. 

The method used in this study may 
not detect small, localized alterations 
in cerebral hemodynamics and oxygen 
utilization. This might explain failure 


hemodynamic 


to demonstrate changes in these func- 
tions if one supposes a tolbutamide ef- 
fect to be exerted only upon the basal 
ganglia, but such a supposition would 
be untenable if the drug is accepted 

produce improvement in multiple 
the unpredictable 


sclerosis. fact, 
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loci of the widespread lesions in the 
latter disorder would imply that any 
beneficial cerebral effect of tolbuta- 
mide must necessarily involve the en- 
tire cerebrum, so that if such effects 
were based upon cerebral circulatory 
or metabolic changes, these should be 
readily demonstrable. 

One must consider the possibility of 
differing effects of long-term oral ad- 
ministration and of acute intravenous 
administration of tolbutamide. In our 
subjects, relatively large doses were 
given intravenously so that a marked 
fall in blood sugar resulted. It would 
appear improbable, in view of the 
much milder reduction in blood glu- 
cose achieved by oral administration, 
that the latter route, over however long 
a period of time, might be associated 
with demonstrable changes in cerebral 
hemodynamics and metabolism not in- 
duced by far more intensive administra- 


. Sawyer, G. T.: J. Am. Med. Assn., 
. Scheinberg, P., and Stead, E. A., Jr.: 
. Somogyi, M.: J. Biol. Chem., 160, 62, 


174, 


tissu cerebral. 
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In 6 subjectos, le administration intravenose de tolbutamida 
ciente a causar moderate a marcate grados de reduction del sucro sanguince 
non influentiava le pH o le tension de CO, in 
hemodynamica 0 le consumption de oxygeno in le cerebro. 
si iste droga exerce un effecto benefic in syndrome de Parkinson o in sclerosis 
multiple (como il esseva reportate recentemente a base de studios clinic), ‘lle 
effecto non es relationate con un action super le supra-mentionate functiones 
e non con un effecto directe in le metabolismo de hydratos de 
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tion of the drug. We have not, to be 
sure, excluded the possibility that tol- 
butamide may influence an unidenti 
fied enzyme system, producing pharma- 
cologic effects apart from action upon 
glucose metabolism, blood pH, or CO 
tension, and not related to walt in 
cerebral) hemodynamics or oxygen 
consumption. 

Summary and Conclusions. In 6 sub 
jects, intravenous tolbutamide in doses 
sufficient to cause moderate-to-marked 
blood sugar reduction failed to influ- 
ence arterial pH or CO, 
cerebral hemodynamics or oxygen con- 
sumption. It is that 
beneficial effect drug in the 


concluded 
of this 


any 


parkinsonian svndrome or in multiple 


sclerosis, as recently reported from 
clinical studies, is not related to action 
on the above-noted functions, 
effect upon the 
metabolism of cerebral tissues. 


nor to a 
direct 
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LATENT PANCREATIC EXOCRINE 


PATIENTS WITH 
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From the Department of Medicine and 


Medicine, 
Pittsburgh, 


We wish to record the results of 
1a) labeled fat absorption studies car- 
ried out on a series of 20 hypergly- 
cemic patients in a search for latent 
pancreatic exocrine insufficiency. Four 
of the 20 patients studied were con- 
sidered to have pancreatic endocrine 
and exocrine insufficiency by the fol- 
lowing criteria: 1) pancreatic exocrine 
insufficiency as evidenced by an ab- 
normal triolein absorption pi attern, 2) 
a normal oleic acid absorption pattern, 
3) diabetic type hyperglycemia and 4) 
correction of the triolein absorptive de- 
fect coincident with oral panc reatin re- 
placement therapy. 


Materials and Method. The subjects of this 
study were 20 patients on the medical service 
of the Veterans Administration Hospital, 
Pit'sburgh, Pennsylvania. All had elevated 
asting and 2-hour postprandial blood sugar 
lev-ls or diabetic type glucose tolerance 
None was admitted primarily for 
referably to the gastrointestinal 
tr Standard laboratory procedures were 
us: | for serum levels of calcium, phosphorous, 
an lase (Van Loon, Likins and Segar!®), 
lip. se (Tietz, Borden and Stepleton® ), cho- 
les rol, total lipids (de La Huerga, Yesinick 
Popper*), total protein, albumin and 
glo ulin. 


cu es, 


Sy) \ptoms 


Radiology, 
and the Radioisotope Service 


PENNSYLVANIA 


University of Pittsburgh School of 
, Veterans Administration Hospital, 
Pennsylvania ) 


After blocking the uptake of lin by the 
thyroid gland with Lugol’s solution, 25 to 
50 microcuries of lm-labeled triolein or oleic 
acid (Squibb) in capsule form were adminis- 
tered with 240 ml. of milk to fasting patients. 
Venous blood, urine and_ stool specimens 
were assayed for radioactivity by conventional 
methods and the results expressed as percent 


of the ingested dose as described in Table 1 


Results. All 20 cases studied had glu- 
cose intolerance exhibited by diabetic 
type glucose tolerance tests or elevated 
fasting blood glucose and 2-hour post- 
prandial glucose levels. Four of the 20 
patients revealed combined endocrine 
and exocrine insufficiency of the pan- 
creas, a fifth case remains a suspect 
with a borderline 10% fecal excretion 
of radioactive triolein, as shown in 
Table 1 and Fig. 1. 

Studies of pancreatic function as out- 
lined in Table 2 were within average 
range in all 20 cases studied. Roent- 
genographic examinations of the gastro- 
intestinal tract were negative for cal- 
cification of the pancreas. 

Family history was positive in 1 of 
the 4 cases of insufficiency for hyper- 
glycemia. No history suggestive of 
familial pancreatitis was obtained. 


‘urrently Clinical Research Fellow Endocrinology and Metabolism, University of Pittsburgh, 


Sc of Medicine, 


Pittsburgh 13, Pennsylvania. 
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Case Reports. case. 1. J.P., a 32-year-old case 2. P.D.. a 62-year-old white man had 
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tory of intermittent episodes of 2 to 3 


man with a familial history of diabetes 


tus was admitted with severe ketonemia. 
ldition to 


a history of moderate alco- 
intake, “heartburn” (epigastric) had 
present intermittently for the previous 


nths. Several hours prior to admission, 


perienced generalized abdominal pain. 
a 

per day, occasionally watery in char- 
elicited. Barium studies of the 
gastrointestinal tract were. negative as 
xamination of the for ova and 
tes. No pancreatic calcification was ob- 
by Pancreatic insuffi- 


was 
stool 


Roentgen-ray. 


was suspected after an abnormal trio- 
bsorption test and confirmed by normal 
icid absorption. 


a diagnosis of acute pancreatitis made by 
biopsy 23 years prior to the current admis- 
sion for incidental repair of an inguinal hernia 
when hyperglycemia was discovered for the 
first time Despite the continued ingestion of 
alcohol, he had remained free of significant 
gastrointestinal symptoms, although 
questioning revealed intermittent epigastric 
distress and the occasional passage of 1 to 
2 “normal” stools per day. Symptoms referable 
to the diabetic state were polyuria, polydipsia, 
and weight loss; this latter may have been 
due to the pancreatic exocrine insufficiency. 
Replacement therapy with 5.4 gm. of pan- 
creatin in 3 divided doses converted the 324% 
fecal excretion of triolein to 6%. 

case 3. T.K., a 44-year-old Negro male 
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with a history of chronic alcoholism and 
biopsy evidence of fatty metamorphosis of 
the liver had been diagnosed as diabetic 6 
years prior to this admission. Neuropathy in 
this patient was manifested by impotence, 
absent ankle jerks, and a mild postural hypo- 
tension. Gastrointestinal evidence of neurop- 
athy was lacking. During the 
years, the patient had experienced episodes 
of diarrhea with up to 15 loose stools per 
day. Their frequency had lessened during re- 
peated hospitalizations for control of the dia- 
betes. His recurrent epigastric pain had been 
ascribed to postbulbar duodenal ulcer which 
had been demonstrated by Roentgen-ray 6 
years previously. Pain was not a prominent 


previous 


feature of his many admissions. The diagnosis 
of chronic pancreatitis, 
been entertained. Correction of the diarrhea 
was effected with pancreatin therapy (5.4 gm. 
daily). Insulin require- 
ments increased from 15 to 38 units (Lente ) 
on a diet which was not changed with regard 
to caloric intake. Coincident with the pan- 
creatin therapy was an improvement in bowel 
function. Labeled triolein excretion in the 
18-hour stool declined from 26% to 1@ and 
the patient gained 15 pounds on the regimen. 

cAsE 4. C.J.D., a 48-year-old white man 
who was admitted for the purpose of re- 
ceiving adrenal corticosteroid treatment for 
neurodermatitis, was a chronic alcoholic. The 
diabetic state was revealed by routine blood 
glucose studies while he receiving 
steroid therapy. Questioning elicited a history 
of 3 to 4 stools per day, occasionally diarrheal 
in character, but not otherwise grossly ab- 
normal. The patient denied previous episodes 


however, not 


in 3 divided doses 


of pain suggestive of pancreatitis and asserted 
that the frequent stools were not disturbing 
to him. There were no symptoms referable 
to his hyperglycemia. The increased  fre- 
quency of stools was unaffected by the corti- 
costeroid therapy but was corrected with pan- 
creatin therapy. Diabetic control was effected 
with diet and chlorpropamide (Diabinese ) 

case 5. A.N., a 47-year-old white man 
with a diagnosis of diabetes mellitus and 
obesity since 1952, was admitted for treat- 
ment of symptoms resulting from an upper 
respiratory infection and for hyperglycemia, 
in addition to an anginal syndrome second- 
ary to arteriosclerotic heart disease. Question- 
ing revealed a history of occasional episodes 
of 2 to 3 “normal” stools per day, without 
any history of epigastric pain or distress. In 
addition, there was a history of moderate 
ingestion of alcohol for many years. The 
labeled fat absorption studies were incom- 
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plete due to an early discharge from the hos 
pital, but the patient remains a suspected 
case of pancreatic insufficiency with a 104 


excretion of labeled triolein in the 48-hour 
stool. 
Discussion. The differential diagno 


sis of steatorrhea in diabetics in the 
absence of pancreatic calcification in 
1) painless chronic pancrea- 
primary pancreatic atrophy, 3 
primary carcinoma of the pancreas and 
1) the steatorrheal diarrhea complicat 
mellitus with neuropathy 
Primary pan 

‘atic atrophy or a small 
can only be differentiated ; 
exploration. Steatorrheal cas com 
plicating diabetes mellitus with neu 
ropathy may be recognized by the his- 
tory of long-standing severe diabetes 
with its complications of visceral and 
peripheral neuritis and by failure of 
steatorrhea to be decreased upon ad- 


cludes: 
titis, 2 ) 


ing diabetes 
and Comfort? ) 


ri 
surgical 


ministration of pancre atic extract. The 
data presented here support previous 
information reported by others (Aktan 
and Klotz!) using similar techniques 
in respect to the normal character ot 
fat absorption in uncomplicated true 
diabetes mellitus. 

The 4 proven cases of pancreatic in- 
sufficiency confirm the reports of others 
(Bartholomew and Comfort?) — that 
chronic pancreatitis may occur without 
tvpical pain and steatorrhea may occur 
without overt gastrointestinal sympto- 
matology in the 
normal “appearing stools 
Bensley and Wood*). The one patient 
studied who had a proven episode ot 
acute pancreatitis remained free of thie 
“typical” pain pattern for 23 years. 
and at the time of admission only the 
endocrine component of his pancreatic 
was prominent. The othe 

patients with abnormal triolein «)- 
sorption had only vague abdominal «'s- 
tress which had previously be 
attributed to proven peptic ulcerat 


presence of grossly 
( Cameron, 
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or ketonemia. In only one case (T.K.) 
did the character of the stool resemble 
that associated with gross steatorrhea 
and this was the sole patient in whom 
the frequency of defecation was. suffi- 
ciently distressing to be reported spon- 
taneously. The other histories of in- 
creased frequeny of — stools were 
elicited only by direct questioning. 

Four of the 5 patients diagnosed as 
having pancreatic insufficiency used 
alcohol chronically and 3 of them used 
it to excess. This is compatible ip 
the long recognized role of alcohol i 
the etiology of chronic pancre ‘tite 
( Mvers and Keefer?) although Barthol- 
omew and Comfort? only had one case 
of possible alcoholism in their 10 cases 
of chronic painless pancreatitis. 

The fact that hepatic parenchymal 
disease causes steatorrhea has been re- 
viewed by Gross et al.*. However, if 
this steatorrhea is due to lack of bile 
salts for emulsification and absorption, 
one would not expect the dramatic re- 
sponse to enzyme replacement nor dis- 
crepancy in absorption of triolein and 
olei ‘1c acid. 

This differentiation of true diabetes 
mellitus from that secondary to pan- 
creatic insufficiency is esse ‘ntial in the 
comprehensive management of the in- 
dividual patient. Classification of the 
hyperglycemia present in these cases 
into. primary or secondary diabetes 
could not be made definite ly. From the 
practical management aspect, this is 
of little importance since similar ther- 
apy is indicated in both types. It is 
conceivable that some of these cases 
may represent primary diabetes melli- 
with complicating pancreatitis 
esvecially those with positive family 
histories for diabetes mellitus, how- 
e\ r, familial pancreatitis has been 
re orted. This latter possibility was 
al: » raised by Sprague* in 7 of 24 cases 
Wi |) positive family histories. The loss 
of autrients, as well as supplemental 
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factors such as vitamins and minerals, 
in this type of malabsorption state 
must be either corrected compen- 
sated. Increased absorption of fat will 
be evidenced clinically by increasing 
insulin needs despite a constant caloric 
intake. Laboratory confirmation of this 
can be gained by repeating the triolein 
absorption studies while the patient is 
receiving replacement therapy with 
pancreatin. None of the patients re- 
ported in this study showed evidence 
of the avitaminosis or electrolyte dis- 
turbances previously reported. in the 
malabsorption state secondary to pan- 
creatic insufficiency. 

The triolein absorption test offers a 
direct measurement of pancreatic exo- 
crine function which heretofore has 
been achieved only by technically dif- 
ficult balance studies or stimulation 
tests. Although none of these latter 
studies was performed, other labora- 
tory procedures which are usually con- 
sidered indicative of pancreatic insuffi- 
ciency were done and of these only 
the presence of hyperglycemia was 
compatible with the diagnosis of pan- 
creatic endocrine and exocrine insuffi- 
ciency. 

Summary. Twenty patients with hy- 
perglycemia and without prominent 
symptoms referable to the  gastro- 
intestinal tract were studied with I,., 
labeled fat absorption tests. Four were 
considered to have pancreatic insuffi- 
ciency as judged by the criteria of an 
abnormal triolein absorption pattern, a 
normal oleic acid absorption pattern, 
diabetic type hyperglycemia, and cor- 
rection of the absorptive defect for 
triolein coincident with oral pancreatin 
replacement therapy. Also a fifth sus- 
pected case had an abnormal triolein 
absorption pattern. Further investiga- 
tion disclosed that all 5 had more than 
one stool per day and one had gross 


steatorrhea: 4 of the 5 used alcohol 
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chronically and 3 used it to excess. candidates for a fat absorption study 
Diabetic patients with a known history regardless of the duration of the dia 
of chronic alcoholic ingestion should betic state, the presence of a family 
be suspected of having pancreatic history of diabetes or the apparent 
exocrine insufficiency and considered lack of gastrointestinal symptoms. 


ACKNOWLEDGMENT: Values for normoglycemic patients with 0-72 hour fecal excretion 
values for labeled Ls: triolein courtesy of Dr. Lee Hershenson, Pittsburgh, Pennsylvania. 
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SUMMARIO IN INTERLINGUA 
Latente Insufficientia Exocrin Pancreatic in Patientes con Hyperglycemia 


Vinti patientes con hyperglycemia e sin prominente symptomas attribuibile 
a un disordine del vias gastro-intestinal esseva studiate per medio de tests del 
absorption de grassia marcate con I'*!, Quatro esseva considerate como affligite 
de insufficientia pancreatic secundo le criterios de un configuration anormal 
del absorption de trioleina, un configuration normal del absorption de acido oleic. 
un typo diabetic de hype rglycemia, e le correction del defecto absorptive pro 
trioleina como effecto de un ‘therapia de reimplaciamento con pancreatina oral. 
Etiam un quinte (suspecte ) caso habeva un configuration anormal del absorption 
de trioleina. Un investigation additional revelava que omne le 5 habeva plus 
que un vacuation fecal per die, e un habeva steatorrhea grossier. Quatro del 
5 esseva usatores chronic de alcohol; 3 usava alcohol a excesso. Patientes diabetic 
con un anamnese cognoscite de ingestion chronic de alcohol deberea_ esser 
suspicite de haber insufficientia exocrin pancreatic. Tal patientes es a considerar 
como candidatos pro un studio del absorption de grassia, sin reguardo al duration 
del stato diabetic, al presentia de antecedentes familial de diabete, o le apparente 
manco de symptomas gastrointestinal. 
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A DOUBLE-BLIND STUDY OF DIETHYLPROPION 
IN OBESITY 


By Benjamin A. Rosenserc 


ASSISTANT ATTENDING 
LONG ISLAND COLLEGE 
From the Obesity Clinic, Outpatient Department, 


Island College 


THE import ince of obesity in clinical 
medicine is known but too well. 
The accompanying hazards of this ab- 
normal state and the unfavorable effect 
on longevity have been documented 
in the past (Goldner®* ). Only recently 
has an extensive study (Metropolitan 
Life®, Society of Actuaries'’ ) reaffirmed 
these Since the anorexi- 
genic agents play an important part in 
the treatment. of particularly 


conclusions. 


obesity, 


in the first 2 months (Gelvin and 
MeGavack?), anv new drug or new 


combination of older agents should be 
carefully assessed. 

The following is a report of a double- 
blind study employing a placebo and 
diethylpropion. The importance of the 
blind technique for a study with a 
single objective measureme nt such as 
body weight, may not be readily ap- 
parent. The observation of side effects. 
however, makes the double-blind tech- 
(Wolf'?, Wolf and 
This repre sents the second 
such study with diethylpro- 
pion. the first in English literature. 


nique 


Pinsky! 


Material and Methods. 
leser'bed were referred mostly from other 
Instit 1oOns, In a few instances, there were 
direc’ patient referrals to the Obesity Clinic. 
The ogree of obesity was determined from 
the n rms provided by the recent study of the 
Socic’ of Actuaries!5. 

Th subjects of the current clinical investi- 
gatio: were 
frouy 


The patients herein 


members of a low socio-economic 
many receiving some form of public 


°K idly supplied 
Com; 


PHYSICIAN AND CHIEF 


Hospital, 


as Tepanil and as an identical placebo t 
Diethylpropion is also available as Tenuate (Wm. S. Me rrell Co.). 


;, M.D. 


OBESITY CLINIC 
» HOSPITAL 


Department of Internal Medicine, 
Brooklyn, New York) 


Long 


assistance. The 
was 
ticularly of 


usual reason for the patient's 
a liberal ingestion of food, par- 
high carbohydrate variety. Ab- 
normal body weight was either life-long or 
followed the first pregnancy. 

At the first clinic visit, a complete medical 
history was obtained and a complete physical 
examination was performed. Each patient, 
regardless of any coexisting medical compli- 
cations, such as hypertension or diabetes, 
was placed on a 1000 calorie diet consisting 
of 115 gm. of carbohydrates, 35 gm. of fat, 
and 59 gm. of protein and either the placebo 
or the diethylpropion (25 mg.).° No special 
instructions were given as to fluid intake. The 
diet was explained fully to the patient by the 
dietitian or nurse at the outset and at intervals 
during the study. The medications, identical 
in appearance, were dispensed in identical 
boxes containing a 2-week supply, to be 
taken one hour before meals three times 
daily. Patients returned for the second visit 
after one or 2 weeks, and then every 
3 weeks subsequently. If an appointment 
could not be made at weeks, additional 
medication was supplied to carry the patient 
until the next visit to the clinic. Upon each 
revisit, a history of exercise tolerance was 
obtained, the blood pressure and pulse were 
determined, the presence or absence of ankle 
edema was noted and the patient was ques- 
tioned for side effects. At the completion of 
8 weeks of therapy, or the nearest clinic visit 
thereafter, in addition to the revisit procedure, 
a second physical examination was performed. 
Weights were obtained by the same nurse 
on the same standard platform scale at the 
same time of day. In all cases, the patients 
were told that the drug was to curb their 
appetite, and in no instance were they aware 
of the existence of a research project. 

The patients in the groups treated with 
the placebo and the active drug respectively, 


ol vesity 


2 or 


tablet by The National Drug 


(105/201) 


106/202 The American Journal of the Medical Sciences + August, 1961 


were quite comparable in most aspects (Table 
1). The group of patients on active medica- 
tion averaged some 12% more overweight 
than those on the placebo. In brief, there 
were 37 patients in the study; 29 received the 
placebo and 28 the diethylpropion. Two 
courses of treatment were given to 2 patients 
in the active drug group. Thus, there were 
29 trials with the placebo and 30 with the 
diethylpropion. Nineteen of the 37 patients 
received only one of the medications and 
18 received both drugs sequentially in a 
cross-over experiment (Table 2). 


TABLE 1.—CLINICAL 


Differences in the vital signs (blood 
pressure and pulse) between the two 
groups both at the beginning and end 
of therapy and also within each group 
at the beginning and end of therapy 
are minor and_ insignificant. These 
physiological data are detailed — in 
Table 4. 

Side effects were defined as unto- 
ward or abnormal symptoms appearing 


CHARACTERISTICS 


Placebo Diethylpropion 

Males: Females 1:28 0:28 
White: Non-White 8:21 §:20 
Range of Age 24-64 24-63 
Average Age 16.2 43 
Range of Weight 122.2-2965.5 127.5-281 
Average Weight 178.1 190.4 
Range of Ideal Weight 120-151° 120-151°* 
Average Ideal Weight 138.7° 135.5°° 
Average Excess Weight 39.4° ss.i°° 
Range of @ Overweight 2-116° 15—123°° 
Average of % Overweight 28.4° 46.7°* 

°of 28 cases © °of 27 cases 


TABLE 2.—TIME OF TREATMENT WITH DIETHYLPROPION AND WITH PLACEBO 


Avg. No. of Weeks on 


Patients First Drug Second Drug 


Received only diethylpropion 9 4.3 

Received only placebo 10 6.5 

Received first diethylpropion then placebo 12 9.8 7.9 

Received first placebo then diethylpropion 6 8.3 9.2 
37 


Results in Entire Series. The 29 pa- 
tients receiving the placebo thrice daily 
over an average period of 7.4 weeks lost 
a mean of 1.5 pounds at a rate of 0.2 
pound per week. By contrast, the 28 
patients receiving the diethylproprion 
over an average interval of 7.7 weeks 
lost a mean of 8.5 pounds at a rate of 
1.1 pounds per week. The difference in 
rates of weight loss of 0.9 pound per 
week is statistically significant at the 
0.1% level (t;; = 3.5, p<0.001). These 
results are detailed in Table 3. 


during the course of treatment and 


not present at the outset. Table 5 re: 
veals no essential difference in the 
incidence of side effects between thi 
placebo and the diethylpropion groups 
(14 vs. 18%, X?,,. = 0.01, p<0.95 
All the side effects were transient. re- 
sponding to simple pharmacolocica! 
therapy or to reduction in the dosag 
to 2 tablets daily. Of interest is thi 
occurrence of two instances of constr 
pation in one patient in the pla eb 
group and none in the group rece:ving 
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the diethylpropion. The purpuric rash 
which developed in one patient while 
taking diethylpropion disappeared by 
the following visit without any change 
in medication. 

Vital capacity measurements were 
made in 3 patients on placebo and 4 
on diethylpropion. In each case there 
was a small, insignificant improvement 
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during the 8-week course of medica- 
tion. 

Results in Subgroups. Of the 37 pa- 
tients in the entire series, 19 received 
only one of the study preparations. 
Ten cases were treated with the place- 
bo over an average period of 6.5 weeks 
and lost a mean of 4.6 pounds at a rate 
of 0.7 pound per week. By contrast, 


TABLE 3.—RESULTS IN ENTIRE SERIES 


Number of Patients 
Number of Trials 


Range of Study Time (Wks.) 
Average Study Time (Wks. ) 


Range of Weekly Wt. loss 
Average Weekly Wt. Loss 


Range of Total Wt. Loss 
Average Total Wt. Loss 


TABLE 


Pretreatment ( Means ) 


Systolic Blood Pressure 
Diastolic Blood Pressure 


Pulse 


Posttreatment 


Pulse 


( Means ) 
Systolic Blood Pressure 
Diastolic Blood Pressure 


Placebo Diethylpropion 
29 28 
29 30 
7 2-18 
7.4 
+1.1-2.0 +1.1-4.5 
0.2° 
+Q-17 +5.5-34.2 
1.5 8.5 
3.5, p<0.001 


4.—PHYSIOLOGICAL DATA IN ENTIRE SERIES 


29 Cases 28 Cases 


Placebo Diethylpronion 
130 134 
83 80 
75 73 
125 132 
76 80 
72 73 


TABLE 5.—SIDE EFFECTS 


29 Cases 


28 Cases 


Headache 

Dizziness 

Nervousness 

Insomnia 

Urinary Frequency 
Constipation 

Transitory Purpuric Rash 
Fatigue 


Total Side Effects 


Placebo Diethylpropion 
Week Week 
Fre- of Occur-  Fre- of Occur- 
quency rence quency rence 
] 4 2 1,2 
2 4,8 1 8 
l l 2 
1 2 
1 6 
2 2,4 
1 
1 8 
7 7 
4 (13.8%)° 5 (18%)° 


Total Patients 


= 0.01, p<0.95 
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ug 
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108 204 The American Journal of the Medical Sciences * 


9 patients receiving the diethylpropion 
over an average interval of 4.3 weeks 
lost a mean of 7.7 pounds at a rate of 
1.8 pounds per week. The difference 
in rates of weight loss of 1.1 pound per 
week is statistically significant at the 
5% level (tg, 2.2, p<0.05). These 
results are detailed in Table 6 
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above in connection with the results in 
the entire series. 

COMMENTS. The. statistically signifi 
cant difference between the weight 
loss observed under the die ‘thylpropion 
and that under the placebo is worthy 
of e xpk ination. Dextro- amphe tamine 


in use for more than a decade, repre 


TABLE 6.—RESULTS IN PATIENTS RECEIVING ONE PREPARATION 
Placebo Diethylpropion 
Number of Patients 10 Ss) 
Number of Trials 10 10 
Range of Study Time (Wks. ) 2-8 2-8 
Average Study Time (Wks. ) 6.5 1.3 
Range of Weekly Wt. loss +0.4—-1.4 0.2—4.5 
Average Weekly Wt. Loss 6.7" 1.8° 
Range of Total Wt. Loss 3.2-17 L.5-15 
Average Total Wt. Loss 1.6 
"tis 2.2, p<0.05 


Eighteen of the 37 patients in the 
entire series received both drugs, 12 
crossing over from diethylpropion to 
placebo and 6 changing over from 
placebo to diethylpropion. The sub- 
group of 12, while receiving the di- 
ethylpropion, was studied an average 
of 9.8 weeks and lost a mean of 8.8 
pounds at a rate of 0.9 pound per week. 
While being treated with the placebo, 
they were observed an average of 7.9 
weeks and gained a mean of 0.8 pound 
at a rate of 0.1 pound per week. This 
difference is statistically significant at 
the 0.1% level (ti; = 8.3, p<0.001). 

The subgroup of 6 patients, started 
first on placebo, was studied an aver- 
age of 8.3 weeks on placebo and lost 
a mean of 1.7 pounds at a rate of 0.2 
pound per week. While being treated 
with the diethylpropion, they were 
observed an average of 9.2 weeks and 
lost a mean of 5.5 pounds at a rate 
of 0.6 pound per week. This difference 
is not statistically significant (t,,. = 
1.5, p<0.5). 

Observations on vital signs and side 
effects have already been presented 


sents the oldest commonly used anor- 
exigenic agent. This drug results in a 
diminished food intake via a direct in- 
fluence on the brain (Goodman and 
Gilman* ), but appears to lose its effec 
tiveness with prolonged administration, 
— ily after the eighth week 
Gelvin and McGavack? demonstrated 
this most strikingly in a group of pa- 


tients without dietary restriction. Rea- 
sons for the decline in the rate ot 
weight loss include tolerance to th 


drug and insufficient decrease in the 
caloric intake (Gelvin and McGavack* 
Because of these limitations and_ the 
equi ally import: int side effects result: 
ing from central nervous system stimu- 
lation, the search for more satisfactory 
anorexigenic agents, such as diethyl 
propion, continues. 

This drug, developed in Germany 

Huels*, Hlig and Hlig*, Schuppius" 
only recently been reported from 
American centers (Decina and Tany ol’, 
Martin’, Ravetz'', Spielman'®). Most 
of the available literature on diet!iv! 
propion appears in a recent — um 
(Michigan Academy of General P* 
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Rosenberg: 
tice’’) on overweight and under- 
weight. Diethylpropion (1- -phenyl-2- 


diethyl-amino- propanone - | - hydrochlo- 
ride) like amphetamine contains the 
beta- nvlethylamino basic structure 
( Martin® Experimentally, it was 
shown to have minimal undesirable 
side effects arising from central nerv- 
ous system stimulation as ie gy to 
de xtro-amphe tamine (Martin>). Like- 


wise, toxicity studies 
great margin of safety in its use 
Martin? ) 


In single drug studies, that is, where 
patients received either diethylpropion 
or a placebo weekly, rates of weight 
loss ‘of 1.3 (Decina and Tanyol', Spiel- 
man'®) and 1.7 pounds (Ravetz!' ) 
under the active drug and 0.4 (Spiel- 
man'®) and 0.5 (Decina and Tanyol' ) 
pound under the placebo have been ob- 
served. In experience reported 
these figures were comparable, 
1S for the diethylpropion and 0.7 for 
the placebo. 

Two reports (Huels®, Ilig and ) 
of cross-over studies with diethylpro- 
pion and a placebo are available in the 
literature. They are not comparable to 
ours, in that one ( Huels®) involved 10 
patients with various organic diseases 
in addition to who were 
treated sequentially in the hospital and 
outpatient de ‘partme nt. The periods of 
observation were both shorter (8 to 
12 days) and longer (3 months) than 
in ours, but weight loss was satisfac- 
tory. The other reported cross-over 
study is that of Illig and Illig? who 
observed 48 diabetics over 4-week pe- 
riod.. their agures are 50% significant 
wei lit loss (2.2 pounds per 4 weeks ) 
und and 28% under 
the placebo. Our 12 patients who 
-d over from the active drug to 
the slacebo lost a mean of 0.9 pound 
per veek and gained a mean of 0.1 
pou. | per week Employ- 
ing \e criterion of Illig and Ilig*, 50% 


our 
above. 


obesity, 
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of our patients lost a significant amount 
of weight under diethylpropion and 0% 
after crossing over to the placebo. 

In Our opposite cross-over study in- 
volving 6 patients changing from pla- 
cebo to active no significant dif- 
ference was observed (0.2 vs. 0.6 pound 
per week). However, this discrepancy 
may be resolved as follows. First, the 
number of patients (6) was relatively 
small as compared to the opposite 
cross-over study (12). Second, the 3 
patients who Pe weight while un- 
der the placebo, actually lost in 2 cases 
or gained at a lower rate in one case 
when taking the diethylpropion. Third, 
initial discouragement with a placebo 
over an S-week period might easily 
carry over when the active 
taken. Finally, the first weeks of 
any reducing regimen are more pro- 
ductive of weight loss than later weeks 
(Gelvin and McGavack? ). 

Lack of adverse effect of diethylpro- 
pion on the blood pressure and pulse 
as noted in our patients has also been 


drug, 


drug is 


observed by others (Decina and 
Tanyol', and Illig?, Ravetz!?) 
The same is true of side effects in 
both our experience and that just 


quoted (Decina and Tanvyol', and 
Illig?, Ravetz'!). This study illustrates 
again the importance of the double- 
blind control method of drug evalua- 
tion in the consideration of untoward 
symptoms. Thus, in previous work 

this clinic (Rosenberg'?"*), similar 
incidence of side effects had been ob- 
served in obese patients under treat- 
ment with an active drug and a place- 
bo. Striking in this study was the occur- 
rence of the 2 instances of constipation 
alone in the placebo group and such 
central nervous system effects as head- 
ache, dizziness, and nervousness in 
both groups. This is another demon- 
stration of the powerful placebo effect 
of any medication, regardless of its 
potency or pharmacological action and 
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the fact that placebos may work both 
positively (Wolf'?) and negatively 
(Wolf and Pinsky'*). The importance 
of the double-blind technique of drug 
investigation in humans becomes ob- 
vious. 

Summary. A double-blind study of 
diethylpropion in 37 patients in an 
Obesity Clinic has been reported. The 
mean weekly weight loss was 1.1 
pounds in the 28 patients receiving the 
active drug and 0.2 pound in the 29 
patients receiving the placebo. Among 
the 19 patients being treated with only 
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one drug, the mean weekly weight loss 
was 1.8 pounds in the diethylpropion 
group and 0.7 pound in the placebo 
group. 

In the entire series, transient minor 
side effects occurred in 18% of the pa- 
tients receiving diethylpropion and _ in 
14% of those receiving the placebo. No 
major untoward effects occurred in 
either group. 

The value of the double-blind tech- 
nique in drug evaluation has again 
been reaffirmed. 


Grateful acknowledgment is due Dr. John Edson, Director of the 


Department of Internal Medicine, Long Island College Hospital, for his support and review 
of the manuscript, and to Mrs. T. J. Wayler, Clinic Dietician, and Miss Mayde Wilson, R.N 


for technical assistance. 
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THE RESPONSE OF HYPOPROTHROMBINEMIA IN CIRRHOSIS 
TO VITAMIN K, AND K;° 


By Murray WEINER, M.D. 
ASSISTANT PROFESSOR OF CLINICAL MEDICINE 


AND 


Menpr FARHANGI, M.D. 
RESIDENT PHYSICIAN, NEW YORK UNIVERSITY RESEARCH SERVICE, 
GOLDWATER MEMORIAL HOSPITAL 


WITH THE TECHNICAL ASSISTANCE OF 


Doris Moses AND GUSTAVUS JouN 


(From the Research Service, 


Third New York University Medical Division, 


Goldwater Memorial Hospital, Welfare Island, New York, New York) 


Numerous naphthoquinone’ com- 
pounds exhibit vitamin K activity 
(Brinkhaus*). They differ from each 
other in potency, ‘duration of action, 
and solubility in water and lipid. Un- 
til recently only the water soluble 
vitamin K 2-methyl-1, 4-naphtho- 
quinone; Synkayvite; Hykinone) was 
available for parente ‘ral administration 
in man. The value of this form of the 
vitamin in the treatment of cirrhosis 
(Unger, Weiner and Shapiro*) and in 
counteracting coumarin-induced hypo- 
prothrombinemia (Shapiro, Weiner 
and Simson®*) is limited. 

Recently developed formulations of 
water miscible vitamin K, (2-methyl- 
phytyl-naphthoquinone; Mephyton; 
Konakion ) permitting intravenous in- 
jection, exert a clearly more potent 
and longer lasting influence against 
coumarin-induced —hypoprothrombine- 
mii (Barker?) as compared to Ks. 
Thi. study was designed to determine 
whether one of these new formulations 
of vitamin K, (Aqua Mephyton, Merck 
Sharp and Dohme) is also more 
effe: tive in correcting the hypopro- 


thrombinemia associated with hepatic 
cirrhosis. 

Liver disease, coumarin anticoagu- 
lants, and vitamin K deficiency may 
influence several of the stable com- 
ponents of the prothrombin complex. In 
this study, prothrombin activity was 
estimated both by the usual one stage 
method using rabbit lung-brain throm- 
boplastin (Simplastin, Warner-Chilcott 
Labs.) (Shapiro et al.°), which is sensi- 
tive primarily to prothrombin and 
proconvertin activity, and the Russell 
venom thromboplastin (Stypven, Bur- 
roughs Wellcome ), which reflects more 
closely changes in the Stuart factor 
(Bachmann, Duckert and _ Koller’). 
Both whole and 12.5% saline diluted 
plasma were studied in order to in- 
crease sensitivity and detect possible 
heparinoid activity (Shapiro and 
Weiner* ). Recalcification time (Weiner 
and Jiminez'’) and antithrombin ac- 
tivity (Weiner®) were also estimated. 

Nine hospitalized cirrhotic patients 
were studied. Eight were moderately 
to severely cirrhotic, and in one the 
diagnosis of cirrhosis was questionable. 


pported in part by a grant from The National Vitamin Foundation, New York, New York, 


and esearch Grant H-4347 (C 1), 


National Heart Institute, USPHS, Bethesda, Maryland. 
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IN 8 CIRRHOTIC SUBJECTS 


SECONDS 


TIME 


ON PROTHROMBIN 


CT OF VITAMIN kK, AND kK 
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Undiluted Plasma 
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*Average values in normal human subjects 
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Weiner and Farhangi: RESPONSE OF 
One died during the period of obser- 
vation. During a control period of one 
week, 3 blood specimens were obtained 
and studied, following which 75 mg. 
of vitamin K, (Synkayvite) were ad- 
ministered intramuscularly every other 


dav tor 


5 doses, and coagulation stud- 
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estimated with Simplastin) was com- 
plete. However, a month after K, ther- 
apy, only a questionable degree of re- 
lapse of prothrombin deficiency was 
noted. Two of the subjects were ini- 
tially found to have a rather marked 
deficiency by the viper venom method. 


ies were performed 24 hours after This de ficiency was large ly corrected 
the third, fourth, and fifth dose. No — by the initial doses of vitamin K,, and 
further medication was given for 25 remained in the corrected range 
to 30 days, after which new control throughout the rest of the experiment. 
specimens were studied, followed by Evaluation of the further reduction in 
TABLE 2. EFFECT OF REPEATED DOsES OF VITAMIN Ky, ON THE PROTHROMBIN 
TIME OF 12.5 OZ SALINE DILUTED PLASMA IN SSUBJECTS WITH CIRRHOSIS 


Rabbit Throm bo plastin 


ifter Third Ifter Sirth 


Control Dose Dos: 
37.0 

31.5 37.5 

S10 $5.5 
$2.0 SL.5 
25.5 26.5 

$4.0 $5.5 $4.0 
$4.5 S50 

Avg. 40.5 $3.7 34.1 


mg. of 


Aqua Mephyton  intrave- 
nously every 


\ other for 6 doses 
with further blood studies after the 
third, fourth, and sixth dose. 

lable 1 compares the average pro- 
thrombin time of 


dav 


each subject in the 
control period with the average of the 
values obtained — after The 
control prothrombin activity 
as estimated with undiluted plasma 
only questionably less than nor- 
_ and the changes induced by vita- 
mn K are not statistically significant. 
li contrast, the more sensitive 12.54 
sine diluted plasma showed a. sig- 
n icant prolongation of prothrombin 
ti ie above normal in the control pe- 
ri d, with significant fall toward nor- 
nm | in response to both vitamins K; 
a | Ky. One month after K. treatment, 
rm \pse from the improved state (as 


dosage. 
average 


Viper | 


enom 


{fler Third After Sixth 


( ontrol Dos: Dose 
67.5 5S. 
560 $3.5 TO5 
80.5 $4.5 0.5 
52.5 5.0 
$5.5 
12.0 
$5.7 5.0 


diluted plasma venom thromboplastin 
time by vitamin kK, (from an average 
of 58.4 seconds to 50.55 seconds) is 
complicated by the fact that excessive 
dosage may paradoxically prolong pro- 
thrombin time (see below and Table 2). 

It has previously been reported 
(Steigmann et al.*, Unger, Weiner and 
Shapiro*) that repeated large doses of 
vitamin K may cause an aggravation 
of the prothrombin deficiency in liver 
disease. In this study, the phe nomenon 
was observed in response to both K, 
and K, in some subjects. Only the 
diluted plasma snake venom thrombo- 
plastin results in the K, portion of this 
study showed, for the group as a whole, 
a significant increase in the prothrom- 
bin time by 3 additional doses of K, 
after a shortening had been achieved 
by 3 initial doses (Table 2). 
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These data confirm that the prothrom- 
bin complex deficiency in some cir- 
rhotic subjects may be partially cor- 
rected by either vitamin K, or Ks. 
This effect is more readily detected 
with diluted plasma and ‘apparently 
persists longer after K, than K;. The 
correction achieved by a series of 3 
injections of vitamin K, is partially re- 
versed in some subjects by 3 further 
injections. This is reminiscent of pre- 
vious observations concerning response 
to repeated high doses of vitamin Ks. 
No conclusions could be drawn from 
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the data concerning recalcification time 
and antithrombin activity. 

Summary. Prothrombin complex de- 
ficiency in some cirrhotic subjects may 
be partially corrected by either vita- 
min K, or Ky. This effect is more read- 
ily detected with diluted plasma and 
apparently persists longer after K, than 
K,. The correction achieved by a series 
of three injections of vitamin K, is 
partially reversed in some subjects by 
three further inje ctions. This is remi- 
niscent of previous observations con- 
cerning response to repeated high doses 
of vitamin Ks. 


REFERENCES 


1. Bachmann, F., Duckert, F., 
2. Barker, N. W.: 


and Koller, F 
Anticoagulant Therapy. 


Thromb. diath. haem., 2, 24, 1958. 


Proc. First Internat. Cong. Thrombosis and 


Embolism. Basel: Benno Schwabe and Co., p. 683, 1955. 
3. Brinkhaus, K. M.: Medicine, 19, 329, 1940. 


Internat. 


3 
4. Shapiro, S., and Weiner, M.: 
5 Luddecke, H., 


. Shapiro, S., Weiner, M., 

766, 1950. 

6. Shapiro, S., Weiner, M., and Simson, G.: 

7. Steigmann, F., Schrifter, H., Yiotsas, Z. 
31, 369, 1951. 

8. Unger, P., Weiner, M., and Shapiro, S.: 

9. Weiner, M.: Clin. Chem., 4, 271, 1958. 

10. Weiner, M., and Jiminez, M.: Am. J. ¢ 


J. Hem., 3, 16, 1950. 


Kroc, R., and White, E.: Am. Heart J., 40 


New England J. Med., 243, 775, 1950. 
D., and Pamukcu, F.: Am. J. Gastroenterol 


Am. J. Clin. Path., 18, 835, 1948. 


‘lin. Path., 26, 243, 1956. 


SUMMARIO IN INTERLINGUA 


Le Responsa de Hypoprothrombinemia, 


in Casos de Cirrhosis, a Vitamina K, e K, 


Carentia de complexo prothrombinic pote, in certe subjectos cirrhotic, esser 


corrigite partialmente per vitamina K, 


prestemente detegite con plasma diluite. 
longo post vitamina K, que post vitamina K;. 


0 per vitamina K;. Iste effecto es plus 
Apparentemente illo persiste plus 


Le correction effectuate per un 


serie de tres injectiones de vitamina K, es partialmente revertite in certe sub- 


jectos per tres injectiones additional. 


tiones con respecto al responsa a repetite alte doses de vitamina Kz. 
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DEGRANULATION OF THE BASOPHIL IN MAN INDUCED 
BY ALIMENTARY LIPEMIA®t 


By Water B. M.D., Pu.D. 
PROFESSOR OF DERMATOLOGY 


AND 


LENNART JUHLIN, MLD. 
RESEARCH ASSOCIATE IN DERMATOLOGY 


(From the Department of Dermatology, 


University of Pennsylvania School of Medicine, 


Philadelphia, Pennsylvania ) 


In the last few years there has been 
a tremendous surge of publications in 
the field of atherosclerosis. Articles, 
monographs and indeed new journals 
form a virtual literary cascade, with a 
central stream of lipid chemistry and 
metabolism. In this regard, Fritz has 
given us a good modern compilation 
of reference sources ( Fritz’? ). At pres- 
ent no area appears to be receiving 
more attention here than that of fat 
transport. Two recent splendid re- 
views (Robinson and French**, Olson 
and Vester**) summarize our knowl- 
edge, and it is to this area that we 
would like to direct attention. After a 
fatty meal, individuals normally show 
a cloudy serum as optical evidence of 
the blood transport ,of absorbed fat in 
the form of relatively insoluble lipo- 
proteins (chylomicrons ). Over a period 
of hours, such serum “clears” and the 
chylomicron count drops to low levels. 
However, many studies have estab- 
lished that the atherosclerotic group 
his a uniquely prolonged period of 
such postalimentary lactescence, thus 
pointing up a possible defect in fat 


clearing in these patients (Bouchier 
and Bronte-Stewart® ) 

In 1943, Hahn" made the serendipi- 
tous but significant discovery that the 
anticoagulant heparin strange ‘ly entered 
into this picture of fat transport. He 
found that the injection of heparin led 
to rapid clearing of milky lipemic se- 
rum. Within the next dozen years, it 
was learned that the heparin did not 
operate directly or in vitro, but actually 
released a new factor, lipemia- -clearing 
factor, which could clear lipemic plas- 
ma as well as pure triglyceride emul- 
sions either in vitro or in vivo. Largely 
due to the work of Korn** it is known 
that the lipemia clearing factor is an 
enzyme, lipoprotein lipase, which splits 
the triglyceride moiety of chylomicrons 
and low density lipoproteins to fatty 
acids and glycerol. Such fatty acids 
form a soluble comple x with serum al- 
bumin and it is this change in fat 
transport from the light scattering 
chylomicrons to the invisible albumin 
complex which accounts for the clear- 
ing phenomenon. Without heparin, 
however, lipoprotein lipase is found 


*This study was conducted under the sponsorship of the Commission on Cutaneous Diesases 
of the Armed Forces Epidemiological Board and was supported in part by The Surgeon 
G: neral, Department of the Army, and in part by Grant PHS 2G-62 from the N National Institutes 


of Health. 


Read at the meeting of the Association of American Physicians at Atlantic City, May 2, 
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only in negligible amounts in plasma ism in these two cell lines is nol 


(Kern, Steinmann and Sanders”? ). 
Although administered heparin can 
induce such a sequence of events, the 
question remains: Does lipemia of it- 
self mobilize endogenous heparin and 
so initiate an automatic clearing reac- 
tion? This could best be 
answered by determining heparin levels 
before and after a fattv meal. Unfor- 
tunately, however, direct chemical esti- 
mation of heparin is not possible and 
its estimation by coagulation studies 
is unsatisfactory after a fatty meal due 
to participation of the phospholipids 
in the complex clotting 
(O'Brien). Thus, it is necessary at 
present to attempt an indirect ap- 
proach. The mast cell would seem to 
hold an answer since it has long been 
recognized as the a reservoir of 
heparin (Jorpes'S). Jennings, Florey 
and Robinson! intensive 
studies of this cell in the rat, but so far 
have failed to demonstrate its partici- 
pation in lipemic fat transport. Wat- 
son* and ourselves?” in a series of ex- 
periments have likewise been unable 
to adduce morphologic or physiologic 
evidence that the rat mast cell heparin 
is mobilized as a result of lipemia. 
Turning from this defeat, we realized 
that there is another cellular source of 
heparin, namely, the basophilic granu- 
locyte. Here is a congener of the mast 
cell, one showing the same metachro- 
matic staining with aniline dyes which 
is indicative of the presence of heparin. 
Indeed in 1953, Martin and Roka?! 
adduced more direct evidence that the 
basophil in man contains a heparin- 
like substance. They isolated a heparin- 
like anticoagulant from the acetone 
extract of the leukocytes of a case of 
basophil leukemia. Behrens and Tau- 
bert® had earlier experimental data in- 
dicating the basophil in the horse con- 
tains heparin. Such chemical parallel- 


question 


pre CESS 


*Schleicher and Schuell, Keene, 


altogether unexpected since both the 
mast cell and the basophil are unques 
tioned reservoirs of histamine. 
event, 


In any 
the blood-borne basophil is a 
likely source for heparin. Thus we hav« 
addressed ourselves to the problem by 


studying the effect of test meals on 
the cytology of the circulating baso 
phil in man. It seemed likely that 


if the clearing reaction is a basic o1 
intrinsic physiologic regulatory mecha 
nism, lipemia might induce morpho 
changes in this cell as evidence 
of heparin mobilization into the blood 
stream. 

Methods. Normal healthy 
Negro and white, 
All were 
and under reasonably close 
Test feedings were given at intervals 
week to re-establishment of 
any equilibrium disturbed at the time of test 
ing. On the day of the experiment only thi 
foods detailed below were given. The men 
were allowed to drink water ad lib, but not 
permitted to exercise. In instance test 


logic 


yvoung adult 


male st rved als 


experi 


mental subjects. inmates of a penal 


institution dietary 
control. 


of one allow for 


each 
findings were preceded by an 
night fast 

Since the basophil is both fragile 
special techniques had to be 
its handling, 


18-hour over 


and rare 
developed { I 


fixation and concentration. Ret- 


erence may be made elsewhere for the details 
(Shelley and Juhlin®!), but in principl 
venous blood is drawn into a_ siliconized 
needle and syringe, forcibly ejected into ice 
bath chilled organic solvent fixative (acetic 
acid, ethyl alcohol, chloroform). This de- 
stroys all of the erythrocytes, leaving onl) 
the leukocytes. After a minimum 18-hour 


storage period in a deep freeze cabinet, halt 
of the supernatant fixative is removed, tli 
precipitated cells redispersed, and aliquots 
filtered through coarse (Cella O, 20 mn 

membrane filters of cellulose® using a micro 
suction unit. The filter with its adherent cc|ls 
is then stained in aqueous toluidine — blue 
(0.3%), dehydrated in ethyl alcohol, cleared 
in xylene, and mounted on microscope slides 
It is then possible to study the morpholi 
of the basophils, which specific dork 
blue, as well as metachromatic staining of 
granules. Under a magnification of 645 
we routinely count and classify 
tive basophils using the 


show 


( 


40 conse u- 
rather distinct ve 


New Hampshire. 


eo. 


g. 1—Basophil differential used in the analysis of morphologic changes during lipemia. 
ich of 40 consecutive basophils is classified into one of the above 18 types. Such a 
ferential count permits ready visual detection of degranulation. The six cells above and 
the left of the black line are considered normal. The other 12 show varying degrees of 
granulation. The number of cells falling into these latter groups form the basis for the 
\culation of the percentage of degranulated cells. Toluidine blue stain, magnification 1750 x. 
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differential typing shown in Fig. 1. This 
typing separates the basophils into three major 
groups, A, B, and C, depending on the size 
of granules and depth of staining. Further- 
more, each group is subdivided into six classes 
(1 to 6), reflecting the number and location 
of granules. It is usually possible to charac- 
terize the basophil pattern of any blood 
sample by a count of 20 consecutive basophils 
and repeat counts regularly show general 
agreement. As indicated in Fig. 1, we have 
arbitrarily considered the cells in the A;.2.. and 
B:.2,s series to be normal examples, whereas 
the other cells may be presumed to be 
showing degranulation. This is an arbi- 
trary separation, but it is evident that 
it is a_ satisfactory first approximation 
since all of the cells of the Ajs.e, Base, 
Ci.2,3.4,5,. groupings have an appreciable loss 
in the number or size of granules. Thus 
in the data presented, the number of 
degranulated cells represents the _ total 
number or percentage of 
and Cy.2.s,4,5. counted in the analysis of 40 


DEGRANULATION 


BASOPHIL 


PERCENT 


basophils. Under short term experimental 
analysis, we flnd this comparative rating tech- 
nique to be satisfactory. As a second tech- 
nique, more elaborate surveys with photo- 
graphic prints of each cell have given results 
in good agreement. A third way of observing 
the basophil response involves recording the 
frequency of cell types in a scatter diagram. 
Visual comparison of these “before and after” 
basophil count patterns also permits one to 
see shifts toward degranulation. These may 
be graded on a scale of + to ++++, de- 
pending on the degree of differentiation ex- 
hibited by the count patterns. 

Lipid analyses included total esterified fatty 
acids (Reinhold?7), phospholipids (Zilver- 
smit and Davis**) and_ total cholesterol 
(Abell et al.1). Total triglycerides were com- 
puted using the formula: triglyceride fatty 


acid (mEq. per L.) = total esterified fatty 
acids (mEq. per L.) — [0.58 « phospholipid 
P (mg. per 100 ml.) + 0.0053 > total 


cholesterol (mg. per 100 ml.) ]. 


Butter 


HOURS 


Fig. 2.—Basophil degranulation as observed in 6 subjects following the ingestion of butt 
in large quantity (4 gm. per kg.). By the end of 3 hours most of the cells were significant! 
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Results. (a) BASIC DEGRANULATION RE- 
SPONSE TO SINGLE TEST FEEDING OF 
BUTTER. Six men were fed a single meal 
of butter in the amount of 4 gm. per 
kilogram of body weight. The only 
other food given was white bread 
an amount of from 8 to 10 slices, de- 
pending on the wishes of the subjects. 
The butter and bread were consumed 
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bread respectively at intervals of one 
week. The butter, as well as the mar- 
garine, was served with bread and the 
bread (8 to 10 slices) alone served as 
a control feeding. The butter used was 
a regular creamery butter. The mar- 
garine was a_ standard commercial 
product made from corn oil (Fleisch- 
mann’s ). The Fleischmann Laboratories 


TABLE 1. -EFFECT OF SINGLE MEAL OF VarIOUS Foops ON THE BASOPHIL 
Percentage of Degranulated Basophils* 
Meal Fasting Time after the start of eating 
4 om./ke 18 hours 
1 hour 2 hours 3 hours 
Sutter 31.7 += 2.6 59.0 + 5.0 68.5 += 3.0 80.5 += 2. 
Sugar 37.5 + 6.4 32.5 + 6.0 37.5 + 6.4 49.0 = 6.0 
Chicken 54.0 + 2.4 61.5 + 6.0 58.3 + 5.7 56.0 + 2.7 


* The figures given here and in the following tables indicate arithmetic mean 
and standard error thereof for a team of six men. 


in 40 minutes on the average. Figure 
2 shows the total percentage of de- 
granulated cells (Type Ay, As, Ae, Ba, 
B;, Bg, Ci, Co, Ca, Cy, Cs, Cg) at the 
beginning of the experiment and_ at 
hourly periods thereafter. The data 
are presented for each man. 

(b) COMPARATIVE DEGRANULATION RE- 
SPONSE TO FAT, CARBOHYDRATE AND PRO- 
TEIN TEST FEEDING. A second team of 
6 men was fed a single meal of butter, 
sugar and chicken breast respe ctively 
at intervals of one week. The quantity 
in each instance was 4 gm. per kilo- 
gram of body weight. The butter was 
served with bread as before, the sugar 
dissolved in water with addition of a 
flivoring agent, and the chicken breast 
served cold after roasting. Table 1 
summarizes the mean data obtained on 
the 6 men. It can be seen that butter 
is uniquely associated with postpran- 
di il basophil degranulation. 

C) COMPARISON OF ANIMAL AND 
cETABLE FAT DEGRANULATION RE- 
sponse. A team of 8 men was test fed 
si:gle meals of butter, margarine and 


list the following lipid composition for 
their product in comparison with 
butter: 


Lipid Content in 
100 gm. Fat 


Corn Oil 
Fatty Acids Margarine Butter 

Mono-unsaturated: 

Oleic Acid 48 33 
Polyunsaturated: 

Linoleic Acid 16 3 
Saturated 16 55 


This margarine also contained small 
amounts of vitamin A and D, lecithin, 
skim milk, carotene and diacetyl. Table 
2 shows that the margarine and butter 
were equally effective in inducing baso- 
phil degranulation in these same 8 
subjects. 

(d) DEGRANULATION RESPONSE FOL- 
LOWING SMALLER AMOUNT OF FAT. A 
team of 5 men was given a test feed- 
ing of butter in the quantity of 1 gm. 
per kg., and Table 3 summarizes the 
results. The basophil degranulation re- 
sponse was present, although not as 
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striking as in Table 1 and apparently 
was slower in appearing. 

(e) SIX-HOUR DEGRANULATION TIME 
CURVE WITH COMPARISON OF in Vivo 
AND in Vitro OBSERVATIONS. Using 11 
men, a new series of observations was 
made on subjects receiving a high fat 
meal. Table 4 summarizes the data. It 
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short (Bessis!), a study was made to 
see if the degranulation reaction would 
be more marked in lipemic blood 
standing for 15 minutes at room tem- 
perature. Thus aliquots of the same 
heparinized blood sample (1.5 units 
per ml.) were allowed to stand in 
polystyrene tubes at room tempera 


TABLE 2.—COMPARISON OF BasopHIL DEGRANULATION FOLLOWING 
BUTTER AND CORN MARGARINI 
Mean Percentage of Degranulated Base phils Men 
g g 
Meal Fasting 1s hou 3 hours Post prandtai 
Butter 
4 gm./kg. 40.6 + 5.9 S89 + 35 
Margarine 
4 gm./kg. 36.9 + 4.2 60.0 Ss 
Bread 
10 slice 3.1 5.9 33.1 3.1 
TABLE 3.—PER ENTAGE BASOPHILS SHOWING DEGRANULATION AFTER 
FEEDING OF BUTTER IN LESSER AMOUNT (5 MEN 
Meal Fasting Level 1 hour 2 hour 3 hour 
Butter 
1 gm./kg. 47.0 = 4.6 49.0 5.8 59.0 + 5.8 68.0 gs 
TABLE 4.—DEGRANULATION TIME CURVE AND IN Vivo VERSUS IN ViTRO StUDIES 
Percentage Degranulated Basophils 11 Men 
Post prandta! 
Butter or Margarine (4 gm./ks 
Fasting 3 hour 6 hours 
In Vivo: 
Immediate Fixation 46.8 + 4.6 62.3 + 3.5 71.4 + 3.8 
In Vitro: 


Heparinized Samples 
15’ Room Temperature 


was found that degranulation persisted 
at 6 hours, even appearing more promi- 
nently. Although the subjects re- 
ceived butter and margarine on a ran- 
dom alternate basis, no difference 
could be seen between the behavior of 
the basophil. 

Inasmuch as the time a basophil re- 
mains in the blood stream may be 


46.8 + 5.9 


not done 


ture 26° C. The control specimens 
were fixed instantly. Table 4 reve:ls 
no change in the degree of response as 
a result of this in vitro period. 

(f) QUALITATIVE CORRELATION OF 
BASOPHIL DEGRANULATION WITH M 


LIPID LEVELS. A team of 20 healthy su b- 
jects was fed a single meal of fat 4 
The basophils wre 
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studied before feeding and 3 hours 
after, and the degree of degranulation 
change visually noted on a * to y 
scale. At the 3-hour period, blood 
samples were analyzed for total esteri- 
fied fatty acids, phospholipids and total 
cholesterol. Table 5 details the results. 
The degree of individual variation not 
seen in the previous “means” becomes 
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spite associated high triglyceride levels. 
The complete breakdown is: 

no degranulation subjects 


7 
9 
7 
9 
9 


Correlation was not seen with the phos- 
pholipid or cholesterol levels. No dif- 


DEGRANULATION AND SERUM LIPID 


LEVELS 3 Hours arrer Hicu Far Meal 


Data arranged in order of ascending Triglyceride levels 


Even numbered subjects received butter; odd, margarine 


Degree of 
Subject Basophil Triglyceride 
Vumber Degranulation mk-q./L. 
12 0 5.3 
13 0 5.9 
6 0 6.0 
15 7.0 
3 0 
11 0 7.7 
8 7.9 
5 S.0 
10 + 9.3 
14 + 9.6 
20 + 10.6 
l 11.4 
7 11.7 
16 12.7 
19 13.0 
9 13.8 
4 ++ 14.1 
1s 0 15.3 
2 ++ 17.7 
17 0 20.7 


evident. Some subjects do not show 
any degranulation detectable with our 
differential count technique. Signifi- 
cantly nearly all of these “non-reactors” 
had triglyceride levels in the normal 
fasting range, suggesting that, despite 
massive oral feeding of fat, their ab- 
ion was slow. The majority of sub- 
showed degranulation in associa- 
with high fat levels. Two others, 
ver, showed no degranulation de- 


SOr] 
ject 
tic 

how 


borg 


Sweden. 


t ym./kg 
Phos pho- Total 
lipid af Cholesterol Lac- 
mg./100 ml. mg. 100 ml. tescence 

95 JAS 3 
11.2 230 34 
7.7 157 2+ 
99 219 3+ 
10.9 258 $4 
10.8 170 2+ 
153 34 
10.8 230 2+ 
11.2 200 34 
9.0 194 44 
90 170 4+ 
16.0 205 4+ 
9.5 237 ++ 
9.6 200 34 
265 4-4 
7.6 170 4+ 
8.1 200 
9.1 186 4+ 
12.1 02 34 
11.7 272 4+ 


ference could be seen between mar- 
garine and butter. 

(g) COMPARISON OF DEGRANULATION 
FOLLOWING DIET, CORTISONE AND HISTA- 
MINE LIBERATORS. The same 20 men 
were studied in terms of their 3-hour 
response to bread (8 to 10 slices), a 
single oral dose of cortisone acetate 
(200 mg.) and finally the response in 
vitro of their basophils to two well 
known histamine liberators, phospho- 
lipase A (Lecithinase A)* and com- 


‘pared from bee venom and kindly supplied by Dr. Bertil Hégberg, A.B. Leo, Halsing- 
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pound 48/80.+ In the latter experiment, 
heparinized blood samples were kept 
at room temperature in polystyrene 
micro-centrifuge tubes for 15 minutes. 
Physiological saline solution was used 
as a control. Final drug concentrations 
were 1/10,000. The data are tabulated 
in Table 6. An additional 4 men are 


TABLE 6.—COMPARISON OF 
Diet, CORTISONE 


August, 1961 


data to correlate with the response 
seen after a fatty meal. In addition, 
a large percentage of the subjects 
showed “melting” of the basophil gran- 
ules under the influence of phospho- 
lipase A in vitro. Finally, compound 
48/80 has a classic degranulating ef- 
fect in over half of the subjects. 


DEGRANULATION FOLLOWING 
AND HISTAMINE LIBERATORS 


Subjects listed according to degree of degranulation noted following fat meal 
The first twenty are the same men as in Table 5. 


Basophil Degranulation 


3 Hour Effec t 


Subject Fat Bread 
Number 4 gm./kg.) 10 slices) 
11 0 0 
3 0 0 
6 0 0 
17 0 0 
18 0 0 
13 0 0 
12 0 0 
19 fe 0 
9 + 0 
5 4. +4 0 
15 + 0 
4 + 4 0 
10 
8 ++ 0 
? + 0 
14 0 
7 +++ 0 
16 TTT T 0 
20 +++t+ 0 
21 ++++ 0 
22 ++++ 0 
23 +--+ ++ 0 
24 +++ 0 


shown at the foot of the table as ex- 
amples of individuals with a marked 


basophil response to lipemia. 

It can be seen that bread and corti- 
sone were without significant effect. 
The basophil response to phospholipase 
A appears at least in these preliminary 


tKindly supplied by Burroughs-Wellcome 


Scored on 0 to ++4+44+ Scale 


15 Minutes in Vitro Effect 
4 
Phos pho- 


lipase A 
1/10,000 


48/80 
1/10,000 


Cortisone 
200 mg.) 


0 0 0 

0 0 + 

0 0 +++ 
0 0 + + 
0 0 0 

0 0 t 

0 0 +++ 
0 0 0 
0 0 0 
0 0 
0 0 ++ 
0 0 0 
0 0 +++ 
0 0 0 
0 0) 0 
0 $+ + + +4 
0 ++ 0 
0 ++ + + 
0 + + 
4 +4 + + 
0 ++ 
0 + +++ 
0 


Discussion. Recent reviews of thi 
basophils ( Speirs**, Boseila®, ricks 
and Maloney'’) have stressed the pat 
city of factual knowledge concerning 
the function of this cell. Neverth«less 
the granules of the basophil suggest ! 
secretory process and the chemistry @ 
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the granules brings to mind three areas 
of exploration. First, the basophil gran- 
ules contain histamine (Graham et 
al.'*), Secondly, these same granules 
apparently contain heparin, although 
here the evidence is not as complete 
(Martin and Roka**, Behrens and Tau- 
bert*, Speirs**, Kelsall and Crabb?') 
as it is for the cousin cell line, the tis- 
sue mastocytes. In any event the chem- 
ical and staining parallelism between 
the basophils and mast cells is so re- 
markable as to lead us to predict that 
the new discovery of fibrinolysin in the 
mast cells (Ende and Auditore*) may 
be followed by the demonstration of 
fibrinolysin in the basophils. With 
these two and possibly three key phar- 
macodynamic agents present in the 
granule, it is easy to see the potential 
significance of the basophil degranula- 
tion we have observed after a fatty 
meal. 

The roles of heparin in the fat clear- 
ing reaction and in blood coagulation 
are well known. Histamine may pos- 
sibly exert an equally important pro- 
tective function by causing vasodila- 
tion, by inducing increased reticulo- 
endothelial pick-up of chylomicrons, 
and by promoting permeability of the 
capillaries to the smaller fat particles. 
Thus, heparin would function largely 
in the removal of fat from the blood 
by degradation and histamine by 
mechanical removal (French, Morris 
and Robinson'!). Finally, to extrapo- 
late from the mast cell, one can per- 
ceive that the basophil may be a cir- 
culating source of plasminogen and 
thus of considerable importance in the 
prob!em of intravascular clot or fibrinol- 
ysis 

We visualize that the basophil, 
view of its role in fat transport, may 
be a critical determinant in the patho- 
genc is of atherosclerosis. Here is a cell 
dese: ving of much more attention in 
the « ardiovascular field. To date, how- 
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ever, the basophil has remained largely 
in the shadow of the other leukocytes, 
exciting attention only when it emerged 
in the large numbers heralding leu- 
kemia. Most of the thousands of blood 
cell counts done daily fail to even 
bring the cell into clinical view. Our 
preliminary observations indicate that 
some patients with hype rlipemia have 
nonresponsive basophils in the “fat test” 
described above. Furthermore, their 
basophils show no response to phospho- 
lipase A. Studies are needed to ascer- 
tain the predictive value of the baso- 
phil response to fat in the field of 
atherosclerosis. Are those individuals 
with a negative basophil response 
(Table 6) more likely to develop cardio- 
vascular disease than those who show 
marked degranulation following a fatty 
meal? 

In our experience, the basophil has 
proven to be a cell whose functional 
activity is reflected in its morphology. 
Our study has thus focussed on this 
process of degranulation rather than 
following the classical approach of 
counting the number of circulating 
basophils (Boseila®). The changes 
seen are entirely similar to those ex- 
hibited by the mast cell during its de- 
granulation. To our knowledge the 
only other observations on degranula- 
tion in the basophil were made re- 
cently by Hunt and Hunt'®. They 
studied the effect of systemic 48/80 on 
the basophil of the cockerel and found 
not only a drop in the basophil count, 
but also evidence of degranulation. The 
cells became smaller, had fewer gran- 
ules and stained less intensely. It is 
noteworthy that the tissue mast cells 
showed no response. 

We have attempted to quantitate the 
morphologic changes by doing a “baso- 
phil differential” count (Fig. 1) on a 
significant number of cells. Neverthe- 
less, it must be recognized that the 
method is relatively insensitive and that 
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considerable secretion of granules may 
take place before it is obvious to the 
observer. It is for this reason that the 
rather massive feedings of fat (three- 
quarters of a pound) are necessary to 
afford conclusive proof that alimentary 
lipemia induces basophil degranulation.’ 
We are dealing with a_ physiologic 
stimulus which must be magnified to 
produce an obvious cellular response. 
Thus, we feel that probably all of the 
subjects show basophil secretion to 
some extent following a fatty meal, but 
that in only about half is it cytologically 
evident as degranulation to an unques- 
tioned degree. Hence, here again, the 
individual trait, the genetic pattern, 
the age, and the sex all probably play 
a role in determining the extent of the 
basophil participation. Such individual 
variation makes consideration of mean 
values less forceful than the individual 
data, but nevertheless the means do 
faithfully follow the trend of continued 
slow degranulation. 

It is important to realize that the 
overall morphologic state of the circu- 
lating basophil is not fixed, but may 

vary from day to day. Here is a cell 
intimately concerned with many phase S 
of the alle rgic state (Chan and Yoffe sy"). 
It is not one solely concerned with ‘fat 
transport. Our previous investigations 
have shown that a wide variety of 
allergens induce specific degranulation 
of this cell (Juhlin and Shelley’ *°). 
It is presumably this cell's response 
which accounts for a large share of the 
anaphylactic reaction. Thus, we do not 
compare data gathered on different 
weeks, but rather must compare the 
changes of a few hours associated with 
a specific feeding. The experiments 
were all done at weekly intervals to 
allow adequate time for basophil re- 
generation, should depletion or depres- 
sion of the cell occur as a result of 
any test procedure. 

How does the fatty meal bring about 
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the basophil degranulation reaction? 
There are many possible hypotheses 
The first to occur to us was the possi- 
bility that the high fat intake induced 
a stress reaction and that the degranu- 
lation might reflect adrenal activity 
The effect of cortisone in producing 
eosinopenia is well known, and Code, 
Mitchell and Kennedy* have 
cortisone to reduce the basophil count 
in man. Nevertheless we saw no degran- 
ulation of the basophils 3 hours after 
a single dose of 200 mg. of cortisone 
A second possibility involves the al- 
lergic reaction. We have already dem- 
onstrated that such allergens as peni- 
cillin®® will cause degranulation. Butter 
could well contain penicillin or other 
antigens, but our studies here hav 
not revealed that the penicillin-sensitive 
individual has a unique response to th 
fatty meal. This possibility must be 
borne in mind, however, as a possible 
explanation for any unusually rapid 
explosive degranulation. 

The most obvious mechanism for de- 
granulation would involve the blood 
lipids. These are considerably increased 
in the subjects showing the greatest 
degree of degranulation. The triglvcer- 
ide level reflects the chylomicron con- 
centration and this appears to be : 
trigger factor. Levels of 8 mEq. per 
L. or above are associated more regu: 
larly with significant basophil degranu- 
lation. The exceptions bear further 
study, inasmuch as these subjects ma) 
have defective means of handling fats 
The type of triglyceride does not -seen 
to be a critical feature since butter and 
corn oil margarine gave identical! re- 
sults, yet chromatographic studies 0! 
the serum lipid pattern after feeding 
butter and corn oil (Ahrens et al 
have shown great differences in th 
types of fatty acids found. A cor oil 
feeding may be associated with te 
times as‘ many di-unsaturated att 
acids as is a butter feeding. A gail 
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looking to mechanisms, the nonesteri- 
fied fatty acids could play a role, but 
we have no determinations of these. 
Also, soaps and bile salts might enter 
the picture and affect the basophil 
membrane. 

On a theoretical basis, the most in- 
mechanism involves lecithinase 

\ (phospholipase A, phosphatidase A). 
Hévbe ‘rg and Uvniis'® have shown this 
enzyme to be a_ remarkably potent 
agent for the degranulation of mast 
cells in the rat. it has long 
been known to be a powerful compo- 
nent of snake and bee venom, acting 
on lecithin to produce the rE 
compound, lysolecithin (Kates?° Re- 
cently, Zieve and Vogel** have 
this enzyme into new clinical promi- 
nence and established it as one of the 
enzymes circulating in the blood of 
man. Prior to that, the enzyme was 
known to be found in the pancreas and 

participate in the digestion of fat 
in the intestine. Now its greater role 
in fat metabolism can be appreciated. 
Thus our studies, showing that the indi- 
viduals with the most marked post- 
prandial basophil degranulation also 
show an in vitro degranulation in the 
presence of lecithinase A, suggest that 
possibly this enzyme could be respon- 
sible for the degranulation normally 
associated with lipemia. Further studies 
are in progress. 

Summary. We have found that post- 
prandial lipemia is specifically associ- 
ated with degranulation of the baso- 


Moreover. 
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phil. Such basophil degranulation is 
viewed as the mechanism for the physi- 
ological release of heparin and hence 
of importance in the clearing reaction. 
Furthermore, lecithinase A is viewed 
as possibly entering into this mecha- 
nism. 

Since the basophil " ukocyte is a deli- 
cate and rare cell, a special method 
has been employed ps its handling. 
The method consists of fixation of 0.1 
ml. venous blood in an acid alcohol fix- 
ative. This destroys the red cells and 
leaves the white cells suspended in a 
clear solution. These are then concen- 
cellulose filter and the 
basophil specifically stained. The filter 
is mounted and forty consecutive baso- 
phils typed into distinct categories on 
the basis of size, staining properties 
and location of basophil granules. 

A meal of butter (4 gm. per kg.) 
caused degranulation of the basophil 
leukocyte after 2 to 3 hours in about 
75% of the subjects studied. Triglyceride 
levels of 8 mEq. per L. 
regularly 


trated on a 


or above were 
associated with significant 
basophil degranulation. No correlation 
was found with the degree of degranu- 
lation and phospholipid or cholesterol 
levels. Margarine, rich in unsaturated 
fatty acids, showed the same degranu- 
lation effect as butter. Meals consisting 
mainly of carbohydrates or proteins 
were without significant effect, as well 
as a single oral dose of cortisone (200 
mg. ). 
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UPPER GASTROINTESTINAL HEMORRHAGE 
DURING PREGNANCY 


By Eppy D. PALMER, 


CHIEF, 


(From the 


Gastroenterology Service, 


Or the many devices Nature uses 
to protect the pregnant woman, rela- 
tive immunity to upper gastrointestinal 
hemorrhage seems most remarkable to 
a gastroenterologist. It is known that 
temporary portal hypertension with 
esophage al varices may be a_physio- 
logic: accompaniment of the last. tri- 
mester of pregnancy (Palmer and 
Brick) and that esophagitis, 
with or without hiatus hernia, is a com- 
mon complication of pregnancy (Scott 
and Deutsch® ). Pernicious vomiting, as 
well as simple morning sickness, makes 
the group especially susceptible to the 
bleeding of Mallory -Weiss syndrome 
cardial lacerations due to hard vom- 
iting). Duodenal and gastric ulcer as 
possible threats are the exceptions, in 
that they ordinarily heal and cause 
little trouble during pregnancy. This, 
however, is not an invariable rule. 
This report concerns experiences with 
(2 women who developed upper gas- 
trointestinal hemorrhage during preg- 
ancy. A precise diagnosis was made 
ch instance through use of the 
vigorous pandiagnostic approach dur- 
ing active bleeding. A thirteenth pa- 
tient is included, although her hemor- 
thage was not pe ‘rsonally witnessed, 
because of unusual and _ interesting 
sequels 


Mm @€a 


bia -NOsis. In order to assure proper 
direc| ion of emergency surgery or other 
nani} ulation for control of torrential 
ippe: gastrointestinal hemorrhage, 
thoul'! that become necessary, it has 
been ound imperative, as well as safe 
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and practical, to perform thorough 
diagnostic studies as soon as the bleed- 
ing patient is encountered ( Palmer’). 
Esophagoscopy. gastroscopy and con- 
trast fluoroscopy are carried out in 
quick succession, following ice-water 
lavage of the stomach. The lavage 
serves the dual purpose of furnishing 
emergency hemostasis and of clearing 
the region of blood. Precise diagnosis 
has been possible in about 90% of pa- 
tients so managed, regularly with 
proper direction of emergency surgery 
when that was necessary. 

When there is pregnancy, the pres- 
sures felt against emergency diagnostic 
manipulations may seem rather com- 
pelling, yet the potential dangers of 
hemorrhage in this situation are more 
pressing. This, at least, has been the 
philosophy behind management of the 
12 cases discussed here. The technique 
of the vigorous diagnostic approach 
was followed, with the exception that 
the radiologic examination was omit- 
ted, because in every instance the 
bleeding lesion was located and identi- 
fied endoscopically. This omission reg- 
ularly proves a mistake under other 
circumstances, because a surgeon who 
operates in an emergency situation 
must if possible know beforehand, not 
only the bleeding lesion, but also all 
disease and abnormalities present in 
the upper gastrointestinal tract. In the 
present series, contrast fluoroscopy 
would have been carried out, in spite 
of the pregnancy, if endoscopic identi- 
fication had not been made. 
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OBSERVATIONS. Ten of the 12 patients 
were Caucasian, two Negro. The age 
at the time of hemorrhage ranged from 
18 to 41 years, with a mean of 29 and 
an average also of 29 years. None of 
the patients had prev iously had re cog- 
nized gastrointestinal bleeding. 

The major features of the hemor- 
rhages are outlined in Table 1. To be 
noted are the distribution among primi- 
paras and multiparas and the chrono- 
logic point in the present pregnancy 
at which the hemorrhage occurred. The 
bleeding diseases were found to be 
subacute erosive esophagitis in 5 in- 
stances, esophageal varices in 3, acute 
erosive gastritis in 2, and the Mallory- 
Weiss syndrome in 2. One of the pa- 
tients with gastritis also was found to 
have a hiatus hernia, a common accom- 
paniment of both esophagitis and of 
pregnancy. 

ETIOLOGY. As just mentioned, esopha- 
gitis is a common complication of preg- 
nancy. The reason is not at all clear. 
It is probably a mistake to put much 
blame on the vomiting of pregnancy. 
Only 3 of the 5 patients in the present 
group had severe vomiting prior to 
bleeding, and one had no vomiting at 
all. Furthermore, as the table shows, 
bleeding from esophagitis came at 
the conclusion of pregnancy, when 
vomiting problems were much less im- 
portant than they had been earlier. 
This same endoscopic and histopatho- 
logic form of esophagitis is encountered 
under a great many other clinical situ- 
ations, and, as the commonest disease 
of the esophagus, it very often occurs 
by itself. 

Erosive gastritis finds itself in almost 
the identical situation, etiologically 
speaking. It is an important source of 
hemorrhage under various circum- 
stances, and it proved to be the ex- 
planation in 2 patients in the present 
series. 

One patient who was bleeding from 
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varices was known previously to have 
biopsy-proved cirrhosis. Her varices 
persisted after a normal delivery and 
she was treated by portac: aval shunt 
14 months later. The varices of the 
other 2 patients were proved esopha- 
goscopically to have disappeared short- 
ly after delivery, and liver biopsy and 
liver function tests following the puer- 
perium were normal. The v 


these 2 


varices in 
patients undoubtedly repre- 
sented the physiologic varices of preg- 
nancy. Such varices have been en- 
countered during pregnancy — before 
(Palmer and Brick?), but bleeding has 
been observed in only these 2 patients 
It is important to note that both of 
these patients also had esophagitis, for 
it is believed that varices bleed be- 
cause they are eroded into from the 
mucosal surface. 

The Mallory-Weiss syndrome 
counted for the hemorrhage of 
the patients. This accident is a threat 
to anyone who vomits hard, yet, exce pt 
for minor blood streaking of the vomi- 
tus, evidence of injury to the cardia 
by the vomiting of pregnancy is un- 
usual. 

TREATMENT. Emergency treatment 
was conservative in all cases, but sup- 
port was aggressive. Ice-water lavage 
was relied upon heavily for emergency 
control of the bleeding, and it proved 
most effective. In addition, esophageal 
tamponade by Sengstaken tube was 
instituted as soon as bleeding varices 
were discovered. No special problems 
ascribable to the existence of pregnancy 
were encountered in carrying out tam- 
ponade. Tamponade was also used in 
one instance of bleeding esophagitis. 
when hemorrhage recommenced 2 cays 
following ice-water lavage. The blood 
replacement requirements are show) it 
Table 1; because blood was 
readily available and freely given as 
indicated, the figures offer a v: alid basis 
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Palmer: 
for estimation of the severity of the 
hemorrhages. 

OUTCOME AND SEQUELS. There were 
no fatalities. The pregnancies proceeded 
normally, except in one case. This pa- 


tient had a small hemorrhage from 
erosive gastritis at 4 months. There- 
after, she had 6 other recognized 


bleedings, requiring altogether 3 blood 
transfusions of 500 ml. each. Death of 
the fetus was recognized 2 weeks prior 
to spontaneous delivery at 8% months. 

Sequels of significance were found 
only among the esophagitis group. 
Here the postpartum complications 
took the form not of further hemor- 
thage but of stricture. The experiences 
are outlined in the table. This tendency 
toward postpregnancy stricture is 
rather remarkable, in view of the com- 
mon observation that only a small pro- 
portion of all people with subacute 
erosive esophagitis ever go on to de- 
velop significant fibrosis. Remarkable, 
too, was the swiftness with which ob- 
structive symptoms developed. Dys- 
phagia was felt by 2 of the patie nts 
within a week of delivery. 

\ thirteenth case illustrates the po- 
tential seriousness of the esophagitis 
sequels: 

Case Report. case 13. This lady was first 


seen at the age of 72 years, when she was 
hospitalized because of massive hematemesis. 
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Immediate ice-water lavage of the stomach 
stopped the hemorrhage, and esophagoscopy 
revealed that erosive esophagitis was re- 
sponsible for the bleeding. In addition, there 
was a 7 mm. stricture at the junction of the 
middle and distal thirds of the esophagus. 
This prevented simultaneous gastroscopic ex- 
amination. Meanwhile, 4000 ml. of whole 
blood were transfused. There was no further 
bleeding. 

The history indicated that the patient’s 
illness had actually begun 47 years previously, 
when, during her first pregnancy, she had 
had severe vomiting with hematemesis. Dys- 
phagia began immediately following delivery 
and became severe thereafter. A course of 
esophageal dilatations for stricture was begun. 
It was found necessary to continue the dila- 
tations, and after a while a dilator was given 
to the patient so she could carry out the 
procedure herself. She had passed a Fr. #22 
Hurst bougie once every 3 weeks to the 
present time (about 800 dilatations). Mean- 
while, she had moderately severe hemor- 
rhages. 

Summary. Twelve women who de- 
veloped upper gastrointestinal hemor- 
rhage during pregnancy were managed 
by an aggressive diagnostic policy. The 
bleeding lesion in 5 instances was ero- 
sive esophagitis; in 3, esophageal var- 
ices; in 2, erosive gastritis; and in 2, 
the Mallory-Weiss syndrome. Therapy 
was conservative, without fatality. 
There was one stillbirth. Postpartum 
sequels were observed in the esopha- 
gitis group, in the form of rapidly pro- 
gressive esophageal stricture. 
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SUMMARIO IN INTERLINGUA 
Hemorrhagia Supero-Gastrointestinal in Pregnantia 
Dece-duo feminas qui disveloppava hemorrhagia supero-gastrointestinal 


dur inte le pregnantia esseva subjicite a un aggressive tactica diagnostic. Le 
lesi nes sanguinante esseva esophagitis erosive in 5 casos, varice esophagee 
in 5, gastritis erosive in 2, e syndrome Mallory-Weiss in le ultime 2. Le therapia 


Seq 


va conservatori. 


~ 


Occurreva nulle morte. 
iellas post parto esseva observate in le gruppo a esophagitis in le forma 


In un caso le infante nasceva morte. 


de in rapidemente progressive strictura esophagee. 
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GUANETHIDINE blocks the peripheral 
terminals of the sympathetic nerves 
and decreases tissue stores of norepi- 
nephrine (Maxwell et al."4, Brodie and 
Kuntzman? ). This agent has a hypoten- 
sive effect (Page and Dustan'’, Froh- 
lich and Freis*, Richardson and Wyso"™, 
Maronde et al.*). With dosages of 
guanethidine that did not produce dis- 
abling postural hypotension, an evalu- 
ation by the double-blind technique 
demonstrated no significant change of 
the supine systolic pressure and only 
a moderate fall in the supine diastolic 
pressure (Maronde et al."™), 

In the present study, guanethidine 
and hydrochlorothiazide together pro- 
duced ; 1 significant drop in both the 
supine nae standing systolic and dias- 
tolic pressures. When guanethidine 
was given as the single active agent, 
it again was found th: it a significant 
fall in the supine systolic pressure did 
not occur, although there was a satis- 
factory drop of the standing pressures. 
This suggests a less important role of 
gravitational pooling of the blood in 
the production of the hypotensive ef- 
fect, with the combined treatment. 
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California ) 


Materials and Methods. The combinations 
of guanethidine and 
guanethidine 


hydrochlorothiazicde, 
and placebo, and placebo ar 
hydrochlorothiazide were compared in 27 
patients with established essential hyperten- 
sion. All had Keith-Wagener grades 1 and 2 
fundi. They had attended the clinic for at 
least a 6-month period. Those who had con- 
gestive heart failure, elevated serum urea 
nitrogen or a history of malignant hyperten- 
sion were not selected for the study. Fif 
milligrams of hydrochlorothiazide and 
mEq. of potassium were given 3 times daily 
during a 6-week control period. At the end 
of this time those patients with diastolic 
pressures of 110 mm. Hg or higher 
selected for a 10-week double-blind | stud 
They were placed into 3 groups by a ran 
method. 


ty 
15 


Numerical emphasis was placed on 
the guanethidine-hydrochlorothiazide — group 
and _ statistical comparisons were made only 
on the corresponding pressures within groups 
Sixteen patients were given guanethidine nd 
the hydrochlorothiazide was continued; 6 pa- 
tients were given guanethidine and a placcbo 
identical in appearance to hydrochlorot!iia- 
zide; 5 patients were given a placebo id 

cal to the guanethidine and the hydrochloro- 
All continued to re- 
ceive the supplemental potassium. One ob- 
server, who did not participate in the ev 

tion of the 
pensed the medications. The medicines \ 

prescribed by the physicians who evalu ted 


thiazide was continued. 


blood pressure responses, 


California School of Medicine and_ the 
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the patients. They did not know whether 
active or placebo medication was dispensed. 
Twelve and one-half milligrams of guanethi- 
dine per day were prescribed initially. This 
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tory method was used. All blood pressures 
were determined by 3 resident physicians who 
rotated after one clinic visit. The patients 
were seen every 2 weeks. In this fashion, one 


was increased by weekly increments of 12.5 
mg. until one of the following criteria was 
met: 1) the systolic pressure dropped below 
150; 2) the diastolic pressure dropped below 
90; 3) side effects made it necessary to stabi- 
lize or reduce the dosage. 


observer measured a patient’s blood pressure 
every 6 weeks. The patients were supine for 
at least 10 minutes before the blood pressure 
was measured. 

The averages and the values for t were de- 
termined, for statistical comparison, from the 
last 2 pressures of the 6 week control period 
and the last 3 pressures of the 10 week 
double-blind study. 


The blood pressures were measured from 
the left arm while the patient was supine, 
then sitting and finally standing. The ausculta- 


TABLE 1.—MEAN BLOOD PRESSURE DURING A CONTROL PERIOD AND 


DURING DOUBLE-BLIND STUDY 


DOUBLE-BLIND 

Guancthidine plus 

Hydrochlorothiazide 
Blood pressures mm. Hg 


CONTROL 
150 mg. Hydrochlorothiazide /day 
Blood pressures mm. Hg 


Patient 


C.R 120 
H.G. 5/110 
AW. 105 
110 
140 
120 


Standing 


160/120 
140/100 
160/120 
162/120 
200/110 
150/110 
130 190/130 
110 160/110 3/95 
96 168/110 102 
115 145/100 3/83 
130 170/130 5/108 
110 180/118 10/96 
120 200/140 103 
130 180/120 } 26/87 
120 160/120 46/111 
130 180/120 106 23/85 


/119 169/117 ‘100 41/93 


Supine Standing 


151/91 
118/90 
71 
5/90 
9] 

80 

91 


Www Sw 


Guanethidine plus 


Placebo 


213/131 180/121 
198/118 146/103 
148/96 133/94 
171/103 148/92 
190/103 150/95 
166/116 129/96 
181/111 147/100 
Hydrochlorothiazide plus 
Placebo 
190/120 
193/118 
160/118 
144/104 
213/123 
180/117 


‘120 
116 
‘108 
5/120 
200/130 


197/118 


180/140 
190/120 
170/116 
140/110 
180/130 


172/123 


202 
202/11; 
174/95 
200/ 
206/128 


Average 200/115 


1OnS 
ick 
and 

LS. 190 

LL. 160 
LM. 180 
].A. 205 

D.H. 175 

1s B.J. 170 
AG. 210 
1.A. 200 
FH. 160 
CS. 220 
Vor 
ily Average SO 
on 

oup 
a W.W. 260/180 260/180 
aa LC. 180/120 160/114 

B.M. 165/115 150/115 

160/110 170/105 

“dl M.B. 230/120 298/122 

V.D. 160/110 160/110 

la- 
enti Average 192/125 188/124 
loro- 

b- CP. 

M.H. 

LK. 
“ere B.C. 

ed 
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Results. When guanethidine and hy- 
drochlorothiazide were administered 
jointly the supine and standing systolic 
and diastolic pressures fell significantly 
(p<0.001). Guanethidine and the 
placebo resulted in a significant de- 
crease in the standing systolic and dias- 
tolic pressures (p<0.001 ) and in the 
supine diastolic pressure (p<0. 02). 
Hydrochlorothiazide and the placebo 
did not significantly alter the blood 
pressures “EF those of the control pe- 
riod (Table 1). The responses of the 2 
groups of pi pen treated with guan- 
ethidine alone and with guanethidine 


TABLE 


GUANETHIDINE PLUS PLACEBO 


2—FALL IN MEAN BLOOD PRESSURE, MM. HG, 
INTERVALS, WITH GUANETHIDINE 


August, 1961 


mg. (range 25 to 125) but the average 
dose was 37 mg. (range 12.5 to 75) 
when it was given in conjunction with 
hydrochlorothiazide. No significant dif- 
ference in the frequency of side effects 
was apparent. 


Discussion. In a_ previous study, 
guanethidine, in amounts that were 
well tolerated, did not significantly 


change the supine systolic pressure. A 
significant drop did occur in the supine 
diastolic, standing systolic stand- 
ing diastolic pressures (Maronde et 
al.'*), In the present study, this was 
confirmed and it was demonstrated 


WITH 80% CONFIDENCE 


PLUS HYDROCHLOROTHIAZIDE, AND 


Systolic Diastolic 
A A 
Group Supine Standing Supine Standing 
Guanethidine Degrees of freedom: 78 
Hydrcholorothiazide 20+ 6 28 + 6 19+3 24+3 


Guanethidine 


Placebo Change not 


significant 


and hydrochlorothiazide jointly are 
shown in Fig. 1. In the guanethidine- 
hy drochlorothiazide g group, the average 
drop in blood pressures were 20 and 
28 respectively for the supine and 
standing systolic pressures and 19 and 
24 respectively for the supine and 
standing diastolic pressures. The mean 
fall in pressures for the group, in 
which guanethidine was the only active 
agent used, were 41 for the standing 
systolic and 14 and 24 for the supine 
and standing diastolic pressures (Table 
1). These changes and their 80% confi- 
dence intervals are shown in Table 2. 
At the end of the double-blind study, 
the average dose of guanethidine, 
when used as the sole agent, was 60 


Degrees of freedom: 28 


7 14+ 4 


that hydrochlorothiazide augmented 
the hypote nsive effect of guanethidine. 
There was an effect upon the supine 
pressures with the combined therapy 
not present with either guanethidine 
or hydrochlorothiazide singly. 

The hypotensive actions of guanethi- 
dine and hydrochlorothiazide appar- 
ently differ in their origins. The mech- 
anism of the hypotensive effect of the 
thiazide is uncertain. It has been sug- 
gested that a decrease of sodium within 
the arteriolar wall, after thiazide ad- 
ministration, decreases the peripheral 
resistance (Aleksandrow, Wyaznacka 
and Gajewski'). The sodium ion 
has been implicated in the contractility 
of the arterioles (Haddy", Friedman 
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Jamieson and Friedman*). An enzyme 
system, activated by normal concentra- 
tions of sodium ion within the arterio- 
lar wall, but inhibited by high levels 
and made less active by low concen- 
trations, has been postulated as influ- 
encing this contractility (Mendlowitz 
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constant an increase in the sodium con- 
tent (Daniel and Dawkins", Freed, St. 
George and Rosenman’). In addition 
to these changes in arterial wall sodium 
content, the hypotensive action of the 
thiazides has been related to a de- 
creased cardiac output and plasma 


GUANETHIDINE GUANETHIDINE 
+ + 
HYDROCHLOROTHIAZIDE PLACEBO 


MM/HG | 


160 


DIASTOLIC 


CONTROL 


DOUBLE BLIND 


DOUBLE BLIND 


— SUPINE 
~-- STANDING 


Fig. 1.—Mean pressures during the control and double-blind periods of the guanethidine- 
hydrochlorothiazide and guanethidine plus placebo groups. 


et al.'*). Thiazide, therefore, by de- 
pleting arteriolar sodium theoretically 
could result in a decreased contractil- 
it) (Mendlowitz et al."°). An increased 
sodium content of arterial walls of ani- 
mals made hypertensive by different 
experimental means has been reported 
(lobian and Binion'®). Some investi- 
ga‘ors have not found as marked or as 


volume (Freis et al.?, Dustan et al.*). 
A more specific effect is suggested, 
however, as correction of the plasma 
volume does not bring the blood pres- 
sure up to control levels and the long 
term hypotensive effect may occur 
without a measurable decrease in 
plasma volume (Hollander, Chobanian 


and Wilkins! ). 
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Guanethidine, by blocking the pe- 
ripheral terminals of the sympathetic 
nerves, decreases peripheral resistance 
and decreases tissue stores of norepi- 
nephrine (Maxwell et al.4, Brodie and 
Kuntzman*, Richardson and 
As with the ganglion blocking agents, 
postural venous pooling of blood is an 
important factor in the production of 
the hypotensive effect (Richardson and 
Wyso", Freis et Norepinephrine 
is required for the normal compensa- 
tory venoconstriction that occurs in the 
standing position ( Hickler et al.‘!), and 
guanethidine interferes with this mech- 
anism (Richardson and Wyso''). Be- 
cause of the postural nature of the 
venous pooling, a satisfactory hypoten- 
sive re sponse while in the supine posi- 
tion often is associated with disabling 
hypotension while standing. the 
present study, the dosage of guanethi- 
dine was regulated by the occurrence 
of side effects and the blood pressure 
levels (see Methods). When hydro- 
chlorothiazide was given in addition 
to guanethidine, our observations re- 
vealed a significant fall in the supine 
pressures with less guanethidine and 
without an increased incidence of dis- 
abling postural hypotension. This sug- 
gests the smaller amounts of guanethi- 
dine required when thiazides are given 
concomitantly lower the supine pres- 
sures without marked impairment of 
the venoconstrictive reflex. Therefore, 
a drop in the supine blood pressure of 
the group treated with guanethidine 
and hydrochlorothiazide could be in- 
duced without an increased incidence 
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of postural hypotension. This may be 
related to a less complete de pletion of 
the tissue norepinephrine by the small 
er amounts of guanethidine. 

Summary. Guanethidine, when given 
singly in amounts sufficient to result 
in a satisfactory fall in the standing 
blood pressure, did not produce a sig- 
nificant change in the supine ge 
pressures and only a moderate fall « 
the supine dis istolic pressures. 
ethidine and hydrochlorothiazide, when 
administered together, resulted in a 
significant fall in both supine and 
standing blood pressures. Augmenta- 
tion of guanethidine by hydrochloro- 
thiazide was demonstrated. When these 
agents were given together it is likely 
that gravitational pooling of the blood 
was less of a factor in the production 
of the hypotensive effect. Thiazide di 
uretics most likely augment the hypo- 
tensive action of guanethidine as the 
result of the decreased vascular reac- 
tivity to norepinephrine. The lower 
dosages of guanethidine required with 
concomitant thiazide administrations 
produced a_ satisfactory fall in the 
standing blood pressures and also re- 
duced the supine pressures 
cantly. This drop in supine pressures, 
without an increased incidence of pos- 
tural hypotension, suggests that the 
venoconstrictive reflex is impaired to 
a greater degree when larger amounts 
of guanethidine, given alone, produce 
comparable changes in the standing 
pressures, possibly as the result of more 
complete depletion of tissue norepi- 
nephrine. 
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SUMMARIO IN INTERLINGUA 


Comparation de Guanethidina Sol con Guanethidina in Combination 
con un Diuretico Thiazidic 


Guanethidina, administrate sol in quantitates sufficiente a resultar in un 
satistacente reduction del tension de sanguine orthostatic, non produceva un 
alteration significative del tensiones systolic in decubito dorsal e solmente un 
moderate reduction del tensiones diastolic in decubito dorsal. Guanethidina 
e hydrochlorothiazida, quando administrate insimul, resultava in un declino 
significative del tension sanguinee tanto in decubito dorsal como etiam in position 
erecte. Potentiation de guanethidina per hydrochlorothazida esseva demon- 
strate. Quando iste duo agentes esseva administrate insimul, il es probabile 
que le thesaurisation gravitational del sanguine esseva un factor minus impor- 
tante in le production del effecto hypotensive. Diureticos thiazidic augmenta 
probabilissimemente le action hypotensive de guanethidina como resultato del 
reducite reactivitate vascular a norepinephrina. Le plus basse doses de guane- 
thidina requirite in administration concomitante con thiazida produceva un 
satis!acente declino del tensiones orthostatic de sanguine e etiam reduceva 
signilicativemente le tensiones in decubito dorsal. Iste declino in le tensiones 
in decubito dorsal, non accompaniate de un plus alte incidentia de hypotension 
Postural, suggere que le reflexo venoconstrictice es disturbate plus marcate- 
ment quando plus grande doses de guanethidina, administrate sol, produce 
com) irabile alterationes in le tensiones orthostatic, possibilemente como resultato 
de un» plus complete depletion del norepinephrina tissular. 
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OCULAR SENESCENCE 


By L. 


ROCHESTER, 


THe main difficulty in identifying 
aging processes is that induced change S 
occur in the body and its tissues, in- 
cluding the eye, throughout life and 
interfere with the predetermine -d course 
of metabolism. The metabolism of man 
is connected with oxygen consumption. 
The less oxygen is supplied to the 
tissue, the less intensive is the metabo- 
lism. According to this principle tissues 
can be divided into those with low 
oxygen metabolism, or bradytrophic 
tissues, and those with high oxygen 
metabolism, or tachytrophic _ tissues. 
The cornea, the lens, the sclera, and 
certain layers of the blood vessels are 
examples of tissues of low oxygen con- 
sumption. They have a common fate: 
with increasing age their water content 
decreases. This desiccation process 
leads to densification, which is chem- 
ically characterized by increase of the 
protein content. This densification 


makes the exchange of nutrients and 
(138/234) 
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the transport of waste more difficult. 
The modifications 
found 
5th which assume 
characteristics for each ocular 
belong to some processes of a mor 
specific nature: arteriosclerosis, fatty 
degeneration, calcareous infiltration. 
increase in collagen tissue and hyaline 
degeneration. While these changes ar 
frequently found in older eyes, the 
finding of one or more of them in eves 
of younger persons rules out the pos- 
sibility that they are inevitable and 
pi athognomonic of se nility. The finding 
of a given senile lesion ‘does not per- 
mit any conclusion on the actua! ag 
of the subject. One cannot disregard 
the time element in ocular vulnerabil- 
ity to induced changes of vascular dis 
‘ase, diabetes, paralysis, anemia. 
seth and a host of termina’ dis- 
eases that are most often found in th 
eyes of the elderly simply becaus« thes 
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lived long enough to induce a greater 
exposure to chance afflictions. Senes- 
therefore, is the result of all 
things that can occur in a life time 
beyond the average span. 

THE EYE IN OLD AGE. The eye in old 
age suffers along with the rest of the 
body the changes in tissue and vitality 
that result from retarded metabolism 
of oxygen and replacement of waste 
products in the exchange of nutriment. 
That all the changed characteristics 
attributed to old age are due to the 
influences is untenable even 
though the biochemical processes are 
similar. 

THE ORBIT. 


cence, 


same 


Longevity is the reward 
for physical fitness. The optimal weight 
for age and height as calculated by 
biostatisticians is a function of surveys 
at intervals and modified by economic 
conditions. As the population increases 
in the over-65 bracket, the physical 
status of the elderly is correspondingly 
prolonged in the presenile category, 
the evidences of degeneration and de- 
cline postponed and the historic gouty 
and crippled oldsters are rare. When 
growth and energy requirements of the 
voung and middle aged are no longer 
necessary to maintain the rate of meta- 
bolic change in the body, the dietary 
habits of the individual also must be 
changed to avoid excess weight. When 
economic conditions permit a wide 
variety of food, the overweight of the 
rich and the emaciation of the poor 
are brought into line with an over-all 
average and no longer mark the elderly 
as pictured in the past. The bulging 
eves of the overweight and the sunken 
{ the undernourished are not the 
result of age but of disease or dietary 
indiscretions, or both. By actual count, 
the m jority of elderly people are more 
likely to be underweight than over- 
weig] having escaped the systemic 
disordors that so often accompany ex- 


cess {+ and contribute to cardiovascu- 
lar di ase. 


eves 
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The facial expression of senescence 
is due to changes in the skin and sub- 
cutaneous structures, muscles, fascia 
and bone. Sunken or bulging eyes re- 
lect incidental and extraneous devia- 
tions in growth and development rather 
than the inevitable degeneration of age. 
There is a characteristic distribution of 
fat in the body including the face that 
characterizes the elderly together with 
skin wrinkling and altered muscular 
movement and loss of teeth. Such 
changes may be attributed to senes- 
cence, 

The bones of the orbit of elderly 
(over 65) persons are eburnated, but 
unchanged in form after reaching adult 
growth. Ocular muscles become fibrous 
and lose some of the fluids that give 
form and substance. Alterations in the 
distribution of fat within the orbit are 
more evident than the total loss ex- 
cept in cases of bodily weight loss. 
Here, again, the relative loss of fat in 
the orbit and general weight loss may 
not be proportional. The soft tissue 
content of the orbit other than fat 
undergoes littlke change; the vascular 
system, the nerves and fascia show 
qualitative rather than quantitative 
variation in the senescent phase. 

The lacrimal apparatus and even the 
extraocular muscles are subject to 
physiological involutional changes and 
to the degenerative and pathological 
phenomena which supervene with the 
advent of time. Degenerative changes 
represent some of the most typical le- 
sions of the lid. The commonest of 
these is senile degeneration of the lid, 
causing folds and redundancy by loss 
of tone and elasticity. “Pouches and 
bags” may originate from tissue edema 

from loss of tone and consequent 
protrusion of orbital fat. 

conjunctiva. senile individuals, 
atrophy of the conjunctiva affects 
chiefly the subepithelial connective 
tissue. Transparency is reduced by in- 
creased thickness of the e pithe ‘lium and 
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keratinization. It gradually assumes a 
yellowish color with prominence of 
small blood vessels, particularly about 
the limbus, and scattered pigmentation. 
In the canthi, folds often appear as 
redundant membrane, and near the 
limbus proliferation of epithelial and 
hyaline deposits form pingueculae in 
the palpebral fissure. 

Although protected by the eyelids, 
the conjunctiva and cornea are ex- 
posed to trauma and infection with in- 
flammatory reactions and often tissue 
destruction. A remarkably rapid re- 
pair follows non-inflammatory injury 
when the scant blood supply is con- 
sidered. Healing of wounds of the con- 
junctiva is expedite -d by an out-pouring 
of serum and blood that forms a fibrin 
clot which closes the edge of the 
wound. Healing of the conjunctiva from 
clean wounds or inflammatory disease 
results in scars of fibrous tissue with 
disappearance of elastic tissue fibers 
and increased thickness with calcareous 
deposits. Obviously the conjunctiva is 
more affected by processes of disease 
and repair than by retarded growth and 
development so that age alone has no 
pathognomonic indication. However, 
the almost universal occurrence of 
altered conjunctiva from frequent at- 
tacks of inflammation found in the 
aged permits the symptomatic descrip- 
tion as senescent because the thin clear 
transparence of youthful conjunctiva is 
never found in the aged. Undoubtedly 
all changes in the conjunctiva cannot 
be ascribed to either age or extraneous 
damage. The healing power of the con- 
junctiva is not seriously impaired in 
elderly persons so that surgical pro- 
cedures are not more hazardous in 
the aged. In arteriosclerotic persons 
the blood vessels of the conjunctiva 
are usually either long straight un- 
kinked arteriole accompanied by a 
parallel venule, traversing much of the 
length of the temporal bulbar conjunc- 
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tiva or a conspicuous group of parallel 
straight segments of such vessels. This 
picture is often associated with an arte- 
riosclerotic and 
with a hypertensive fundus and seems 
to be the counterpart in the conjunc: 
tiva of the findings of an arterioscle- 
rotic fundus. 

CORNEA. The undamaged cornea re- 
tains its normal translucency through- 
out life although histologic examina- 
reveal slight structural changes 
in epithelium and endothelium that 
appear after 45 years of age. The mor 
prominent changes appear at th 
margins of the cornea. 
tival limbus encroaches on the cornea 
with vascularization and surface irreg- 
ularities most evident on either sid 
of the cornea. Pingueculae and pterygia 


fundus uncommon] 


tions 


The conjunc 


destroy or replace normal corneal epi- 
thelium where encroachment 
resulting in flattening and changes i1 
corneal astigmatism. Corneal sensitiv- 
ity decreases rather rapidly after th: 
age of 50 and reaches a minimum i 
old age. 

The substantia of the cornea is in- 
filtrated by fine lipoid deposits in thi 
peripher: il zone that give a gray ring: 
shaped opacity just inside the limbus 
known as the arcus senilis or 
lipoidis. “These deposits usually can- 
not be recognized sections stained 
with hematoxylin and eosin, althoug) 
sometimes foamy lipoid histiocytes 
are seen in the limbal tissue; but the: 
are demonstrable with Sudan II! o 
any of the other fat stains”®. Arcus 
senilis is thought to be associated with 
changes of age and atherosclerosis but 
it is also seen in younger indivi luals 
and at times induced by local irritation 
and inflammation. 

Small excresences (Henle warts) 
hyalin are formed on the pos’ erior 
surface of Descemet’s membrane sual: 
ly near the periphery in the 
old persons. In the most serious!y i= 
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volved cases the lipoid infiltration of 
Descemet’s membrane involves the 
central corneal zone where they are 
observed in ophthalmoscopic examina- 
tion as guttate endothelial dystrophy. 
Unpigmented lines in the senile cornea 
are caused by ruptures in Bowman's 
membrane, said to be due to inverse 
astigmatism known to develop old 
age, 
Generally diminished sensitivity of 
the cornea occurs especially at the pe- 
riphery in subjects whose cornea is 
clinically normal. In subjects whose 
corneas present a senile alteration such 
as gerontoxin, limbic sclerosis, Hassall- 
Henle’s corpuscles, cornea gutta, cornea 
farinata, and others, the first three al- 
terations bring about a considerable 
reduction of the sensitivity. This reduc- 
tion is directly proportional to the de- 


gree of the alterations and to their 
topographical situation. While endo- 
thelial and epithelial dystrophy are 


considered generally as degenerative 
diseases due to old age, similar dy stro- 
phies are occasionally found in young 
persons which points to familial and 
hereditary tendencies. 

SCLERA, 


That scleral rigidity increases 
with 


is shown by the fact that 
scleral tonometric measurements in the 
elderly are higher than corneal ones. 
Calcium and fat deposits are sometimes 
seen in the sclera and may be demon- 
strated by special staining methods. 
Hyalin and calcium plaques may be 
seen clinically as slate gray pi atches lo- 
cated near the limbus, anterior to the 
insertions of the internal and external 
rectus muscles. On the inner surface 
of the sclera, fibers arising near the 
Descomet’s membrane, partly scleral 
and partly uveal, form the trabecula. 
Ashton did not regard sclerosis of the 
trab-cula as an aging process in an 
individual without glaucoma. Depend- 
ing on what is meant by sclerosis of 
the rabecula he states that, “In 


age 
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fibrous re- 
certainly not a 


chronic glaucoma, it is a 
placement, which is 
senile change’!. 

The pores of the trabecula are con- 


tinuous with drainage spaces of 
Schlems’ canal. Those at the surface of 
the sclera are called aqueous veins. 


These veins are said to be larger in 
older persons, probably due to in- 
creased scleral rigidity and shrinkage of 
scleral fibers. That such changes are 
senile rather than brought about by 
glaucoma and other extraneous factors 
is not generally admitted. 

uveaA. The uvea, including the iris, 
ciliary body and choroid, undergoes a 
variety of changes that are generally 
found in the eyes of the aged but the 
character and extent of such changes 
do not permit a clear differentiation be- 
tween disease processes and senile de- 
generation. A small pupil, with depig- 
mentation of the pupillary margin, is 
commonly seen in old people. The 
pupillary zone undergoes degenerative 
change and the sphincter itself ——. 
atrophic, giving the appearance of ; 
fraved discolored iris. The 
becomes alternate ly atrophic and pro- 
liferated. Degeneration of the pigment 
epithelium of the iris may result in 
release of melanin granules or the cast- 
ing off of complete cells or groups 
that become attached to the posterior 
surface of the cornea, usually taking the 
form of a vertically placed spindle 
(Krukenberg’s pigment spindle ) 

In the iris senile changes include de- 
pigmentation of the pupillary margin, 
fibrosis and hyalinization of the sphine- 
ter muscle, fibrotic thicke ning of the 
vascular adventitia and increase in 
density of the iris stroma with partial 
obliteration of the iris crypts. No 
specific relation of any of these phe- 
nomena to general or local atheroscle- 
rosis has been established. 

The ciliary body atrophies with age. 
The processes become fibrotic and 
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hyalinized with consequent obliteration 
of blood vessels and diminished power 
of the contractile fibers. The ciliary 
muscle of aged eyes is often atrophic 
and shows interstitial fibrosis. Here, 
too, the pigment epithelium exfoliates 
carrying melanin to the interstices be- 
tween the processes and into the pos- 
terior aqueous. Loose pigment cells are 
found in the chamber angle where they 
may presumably tend to diminish 
aqueous flow through the trabecula 
giving rise to increased intraocular ten- 
sion. The chamber angle is narrower 
in old age, the anterior and posterior 
aqueous chamber is shallower as age 
increases. The higher intraocular pres- 
sure characteristic of age may be at- 
tributed to an extent by the structural 
changes at the chamber angle. 
AQUEOUS SECRETION. Tonograms on a 
total of 909 normal eves were analyzed 
by Becker?. These were divided into 
three age groups: 1) these 40 years of 
age or less, 2) those between 41 and 
60, and 3) those patients over 60 years 
of age. There was little variation in 
intraocular pressure with age, averag- 
ing 16.1] 2.8 (S.D.) for the entire 
series. However, outflow facility de- 
clined steadily with age and differences 
among the three age groups were sta- 
tistically significant. The average data 
further subdivided by decade for pres- 
sure, outflow facility, and rate of se- 
cretion show even more evidently that 
though pressure remains reasonably 
constant, outflow facility and the rate 
of secretion declines steadily with age, 
and the rate of secretion presents a 
rapid fall off after the age of 60 years. 
In a similar series of 910 eyes with 
proved simple giaucoma, the decline 
in aqueous secretion after the age of 
60 is also highly significant. A series of 
54 enucleated normal eyes were per- 
fused. The outflow facilities showed a 
similar decrease in average facility with 
age, much as in the tonographic data. 
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The most consistent tonographic find 
ing in these series of eyes, both glauco- 
matous and normal, a marked de 
cline in the rate of secretion of aqueous 
humor after the of 69 years. This 
correlates well with the histologic pic- 
ture in the ciliary body. An experienced 
eye pathologist can estimate the age 
of the patient from the degree of atro- 
phy of the ciliary processes. A greater 
atrophy and hyalinization of 
processes occurs in glaucomatous eyes, 


age 


ciliary 


corresponding to the lower average 
secretory rate found. 

On the other hand, it has been dem- 
onstrated that a in outtow 
facility may fail to produce a rise in 
pressure because of a reflex compensa: 
tory rate. 
normalization of intraocular pressure i 
spite of impaired outflow facility hp a 
common finding in glaucomatous eves 
Whatever its mechanism, it 
tant to emphasize that the decrease in 
the rate of secretion of aqueous humor 
with age tends to prevent glaucomatous 


decrease 


decrease in secretory 


is impor- 


pressure rises and glaucomatous dam- 
age to the optic nerve. Physiologic hv- 
posecretion may account for the rela- 
tive ‘ly intre: jue nt occurrence ot pressure 
elevations in spite of the comparativ: ly 
high incidence found in 
aged. 

Blood circulation of the uvea is al- 
tered by processes that afflict the blood 
vessels themselves or the cellular tissue 
through which they course eithet 
degeneration. The cilia 
processes undergo hyaline degenerat ion 
with consequent hi idening and shrink- 
ing ( 

The structure of the choroid is less 
specialized than the anterior uvea but 
it, too, suffers similar atrophic degener- 
ation most noticeable in the perip!ier 
of the fundus and peripapi lar 
region associated with and perhap by 
hvalinization and occlusio. 0! 
particularly the 


eves of the 


disease or 


( sclerosis ). 
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choriocapillaries. The vascular system 
of the uvea is subject to degenerative 
changes similar to the vascular tree 
of the retina. This discussion of the 
changes attributed to aging processes 
of the arteries and arterioles both 
tissues will be elaborated under con- 
sideration of the retina. 
The choroidal arteries are extremely 
prone to atherosclerotic lesions; in fact, 
atheromatous plaques are to be found 
in the larger choroidal arteries near the 
posterior pole of the eyeball in almost 
every case of advanced generalized 
atherosclerosis and the extent and fre- 
quencies of these lesions suggest that 
occlusions of the affected arteries are 
more common than atherosclerotic oc- 
v. Never- 
infarct and apoplexy of the 
are extremely rare. Athero- 
sclerotic choroidal hemorrhages do Oc- 
cur and may on occasion be quite mas- 
sive. Presumably the collateral anasto- 
connections in the choroidal 
arterial tree are sufficiently abundant 
to protect the choroid from major dam- 
age as the result of an isolated arterial 
occlusion. Fibrosis and hvalinization of 
the areolar interstitial of the 
ciliary processes have no specific rela- 


clusions of the retinal arterv. 
theless, 
choroid 


motic 


tissue 


tion to local vascular sclerosis. 

The ocular changes most properly 
attributed to senescence are, in order 
of frequency, cataract, macular degen- 
eration and glaucoma. The latter two 
are discussed elsewhere. 

LeNs. Senile cataract is of two forms: 
the nuclear or sclerotic, and the corti- 
cal or liquefactive; both may be pres- 


ent i a single case. Since the sclerosing 
process is a normal manifestation of 
adv.ncing age, its development in 


aggravated form in cataract of the 
sclerotic type is properly to be regarded 


mer 'y as an early or exaggerated local 
seni) manifestation. It is to be pre- 
sum: 1 that every one who lived to a 
sufficiently advanced age would de- 
velo) this form of cataract. 
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The autolytic processes that play a 
part in the cortical cataract seldom take 
place simultaneously throughout the 
whole lens cortex. Progress is intermit- 
tent and irregular. Finally, if the whole 
of the cortex is liquefied, the nucleus 
sinks downward within the sac of milky 
fluid ( Morgagnian cataract ). The cause 
of the lenticular changes are sought 
in the realm of chemistry as the lens 
tissue is known to be highly resistant 
to radical metabolic influences that are 
so noticeable in other parts of the body, 
particularly lipoid degeneration. The 
subcapsular vacuoles arising in the 
axial part of the lens are characteristic 
of old age, although their significance 
is rarely recognized, mainly because 
they c: imnot be seen except by means 
of a slit lamp. Symptoms of increasing 

vacuolation are slight blurring of the 
outline of objects seen, colored halo 
surrounding lights and inability to do 
fine work, a gradual diminution in 
visual acuity. The symptoms of lens 
degeneration may be attributed to al- 
teration in the carbohydrate metabo- 
lism, its principal source of energy, 
since the lens relies on carbohydrate for 
its nutrition. Changes in the ‘epithelial 
capsule of the lens are more frequent 
in older persons and the nutritional 
element is more significant as the eye 
gets older. There is no evidence that 
the cataracts are in any specific sense 
due to use of the eyes, but prolonged 
exposure to bright light in tropical 
areas and in certain industries may be 
considered a contributing factor when 
applied over a long time. 

The variation in visual acuity in suc- 
ceeding age decades is given by 
Kornzweig, Feldstein and Schneider 
for a group of men and women in the 
New York area. Figures from a similar 
group in another nation may show 
some differences but in the main they 
indicate senile tendencies (Table 1)? 

FuUNbus. Examination of the eve with 
the biomicroscope and the ophthal- 
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TABLE 1.—VARIATION OF VISUAL ACUITY IN SUCCEEDING AGE DECADES 
(ge (yr.) 
60-69 70-79 80-90 90 and over 

Visual Estimate No. No. % No. No. 
1. Good 228 81.64 859 78.23 418 56.5 18 39.2 
2. Fair 16 5.99 192 11.11 164 23.1 13 28.2 
3. Poor 7 2.62 15 1.05 65 9.4 5 17.4 
4. Very poor 1] 4.12 55 5.01 69 9.7 6 13.1 
5. No light perc. 5 1.8 17 1.55 9 1.3 l 2.1 

Totals 267 eyes 1,098 eyes 725 eyes 46 eyes 

Cataract formation is definitely one of the concomitants of old age. All statistics  s 


far have shown that it is inevitable if one 


lives long enough. 


However, when the figures 


are examined from the point of view of visual function it is surprising how relatively 
few individuals are sufficiently handicapped visually to require surgical correction. 


moscope reveals changes in the ocular 
media which result from injury, disease 
and involution. The transparency of the 
media determines to a large extent the 
distinctness of the fundus picture. 
When the media are clear as in normal 
eves of young persons, the details of 
the fundus picture are clearly seen 
over more than one-half of its extent 
magnified three to six times by the 
lenses of the ophthalmoscope. 

The background of the normal fun- 
dus is pigmented throughout with usu- 
ally a deeper concentration in the 
macular area and in the circumpapil- 
lary zone. The inner laver of the 
choroid, the choriocapillaries, appears 
without landmarks except in some in- 
stances of light pigmentation the larger 
vessels of the choroid are visible 
outline. 

The principal anatomical features of 
the fundus which are visible with the 
ophthalmoscope and which suffer the 
most significant changes as the result 
of accident and disease are the optic 
disc and the retinal vascular tree. 

The size and shape of the disc varies 
with the size and shape of the eyeball. 
Considerable variation in the shape of 
the disc from round to oval in normal 


may be due to irregularities in 
the refractive media through which 
but the dise is always larger 
in structurally large myopic eyes 
small in highly hyperme tropic eves 
The dise in highly myopic eves may be 
expande d to double or triple the nor- 
mal size by stretching of the sclera and 
retraction of the choroid. As the disc 
is entirely scleral, the margins ar 
usually sharply outlined and_ visible 
but may be entirely hidden by the optic 
nerve blood that 
through the cribriform plate. The 
transparency of the nerve at the dist 
margin may be dimmed by glial pro- 
liferation and unabsorbed portions ol 
nerve sheaths. 

The central artery branches over the 
disc in a familiar pattern, with branches 
serving the four quadrants of the fun- 
dus and without anastomosis. ‘Th 
branches are different in structure from 
the central artery and are known as 
arterioles. The venous tree is similar 
to the arteriolar system throughout me 
fundus. Vascular accidents are suffer 
in either the arterial or venous system 
and the retinal blood supply is sub- 
ject to significant changes as a result 
of changes in the blood iaak Phe 
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clear view of blood vessels in a living 
organ by ophthalmoscopy is a valuable 
diagnostic aid, as the vascular system 
throughout the body is subject to influ- 
ences of disease and involutionary ten- 
dencies that are reflected in tissue re- 
sponse. 

Familiar alterations in the vascular 
system of the retina are attributed to 
involutionary attrition. In many _ re- 
spects they resemble the changes that 
result from vascular degeneration in- 
duced by disease. The designation 
arteriosclerosis has been used to de- 
scribe the most common change in the 
vascular system and clinical descrip- 
tions of fundus pictures seldom make 
any more specific reference to the state 
of the vessels. Changes in the fundus 
commonly seen in the eyes of older 
people may be influenced by accident, 
disease or faulty development but 
fundamentally they are results of nutri- 
tional deficiencies and the tendencies 
to inclusion of lipoid cells between 
normal cells and fibers. Such are the 
changes at the periphery of the retina. 
Cystoid spaces middle life 
and increase in number and size as age 
Fundamentally, the involu- 
tionary changes in the arterial system 
are reflected in second: ry changes in 
the retina and choroid. As oxygen is 
the prime requirement for vit ality of 
the retinal sensory cells any alteration 
in retinal circulation is significant. In- 
terruption of the blood flow in the 
central artery of the retina for 5 min- 
utes may be followed by complete 
blindness; a branch of the central 
artery closed for 5 minutes may result 
in p-rmanent loss of vision in the por- 
tion of the retina supplied by the af- 
fected arteriole. On the venous side, 
closire of a vessel results in edema, 
congestion and hemorrhages in the 
ret . and even into the vitreous. Most 
of te serious diseases in the ocular 


occur in 


progresses. 
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associated with vascular 
changes directly or indirectly. 

Arterial disease has been carefully 
studied for several centuries. The 
atheromatous lesion was observed first. 
Atheroma occurs in arteries of all sizes; 
it is a patchy, subendothelial, fatty, de- 
generative lesion with associated fibro- 
sis. It occurs with or without high 
blood pressure and its origin is not 
known. “Later, the name. arterioscle- 
rosis was coined to describe a diffuse 
hardening or stiffening of the arteries, 
contrasting with patchy atheroma. The 
common type is that which is due to 
high blood pressure.” “Decrescent 
or involutionary sclerosis is defined as 
an aging process affecting arteries and 
arterioles, appearing histologically as 
a relative or replacement fibrosis of 
patchy distribution. The condition is 
not caused by, but may be associated 
with, high blood pressure’>. 

Ophthalmologists have been prone 
to speak of “retinal arteriosclerosis” 
regardless of the size of the vessels 
involved. Some, more discriminatory, 
have used the term “arteriolosclerosis” 
in reference to the changes in the 
branches of the central retinal artery. 
That the retinal arterial vessels are 
visibly changed in vascular disease and 
in association with high blood pressure 
and systemic disorders (diabetes) is 
not denied, but there is disagreement 
in the order of the changes seen in the 
retina with the ophthalmoscope, 
whether the hypertension precedes and 
results in vessel changes or the other 
way around. No other organ of the 
body affords the visualization of tissue 
changes as are seen in the ocular 
fundus so comparisons cannot be made. 
Consequently, the comparisons must 
be made by microscopy. In general it 
may be s said that similar ch: anges in 
advanced vascular sclerosis are found 
in arteries and in arterioles except for 
the natural basic structure of the ves- 
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sel walls. In Elwyn’st opinion, arterio- 
sclerosis is one and the same disease, 
whether the intima presents an ath- 
eroma, localized fibrous thickening, 
or a hyaline thickening of the arteri- 
oles. He thinks that the changes due 
to aging of the arteries must be sep- 
arated from the changes which consti- 
tute arteriosclerosis proper. Aging man- 
ifests itself in dilatation and tortuosity 
of the arteries. When the irregular and 
patchy changes of arteriosclerosis are 
added, they produce an irregularity in 
the appearance of the blood column. 
There will be angular tortuosity of the 
vessel wall, localized variations in the 
caliber of the arteries, localized arterio- 
venous constriction and widening of 
the arterial reflex. These signs, he states, 
will become noticeable ordinarily only 
in the 6th decade and beyond. 

The presence of signs of retinal ar- 
teriosclerosis in young or middle-aged 
persons persistent — arterial 
hypertension, but the signs are not the 
signs of general arterial hypertension 
but of aging and arteriosclerosis. In 
the stages of essential hypertension and 
sometimes even in advanced stages 
there are, according to Elwyn, no 
changes in the retinal vessels to indi- 
cate premature aging or arteriosclerosis. 
In long-standing cases of hypertension, 
signs of aging and sclerosis may appear 
and some of the arteries assume a 
copper-wire or silver-wire appearance 
indicative of arteriosclerosis. 

Leishman* applied the interesting 
concept of “defense by sclerosis” to the 
problem of determining the signifi- 
cance of retinal arteriolar lesions in 
the diagnosis and prognosis of systemic 
hypertension. He wrote: “This con- 
cept of defense by sclerosis is conceived 
in the limited sense that the reactive 
changes induced in a vessel wall as a 
result of hypertension appear to pro- 
tect the wall from the more severe 
acute degenerative lesions of high 
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blood pressure. Sclerosis may not only 
protect the wall from necrosis, but, 
also, may in some cases predetermine, 
and in others modify, the whole course 
of the hypertensive disorder.” Leish- 
man thought that, if hypertension 
occurs in person whose vessels are 
significantly affected by involutionary 
sclerosis, he will be protected from 
serious elevations of diastolic pressure 
in proportion to the degree and extent 
of his sclerosis, because of the reduced 
areas capable of effective hypertonus 
or diffuse active constriction. When, or 
if, the blood pressure rises, only those 
portions of senile arterioles will be- 
come hypertonic which are not fibrosed 
and which are still contractile. Other 
portions will dilate passively. If th 
whole vessel is involved by fibrosis, 
it will dilate throughout its length. 
Then, even if the hypertension — is 
severe, senile (“old”) retinal arterioles 
will be larger and wider than normal. 
Young retinal arterioles, on the con- 
trary, will react to hypertension by 
diffuse hypertonus (contraction, nar- 
rowing) throughout their length. His- 
tologically, “old” vessels will have nor- 
mal walls in the hypertonic segments 
and thinner than normal walls in the 
dilated segments with more collagen 
and fewer nuclei than normal; diffusely 
hypertonic “young” arterioles will hav 
normal walls. Involution: ary sclerosis is 
normal in old age but may occur pre 
maturely in arterioles as well as in the 
larger arteries. For this reason, Leish- 
man bases his decision as to whether 
he is dealing with ‘old’ or ‘ 
arterioles on the age characteristics ot 
the fundus as a whole. “Old” arterioles 
are found in a senile appearing fundus 
in which the optic disk is pale and 
slightly hollow, the ocular media are 
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hazy, the retinal reflexes are diminished 
so that the retina appears dull, t ier 
is some disturbance of retinal pignien 
tation and colloid bodies are pre-ent. 
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retinal arterioles are found 
in a youthful appearing fundus, in 
which the media are clear, the retinal 
reflex is brilliant, the disk is of a healthy 
pink color, retinal pigmentation is uni- 
form and no colloid bodies are seen. 
Leishman expressed the opinion that 
it seems to be assumed by most authors 
that the universally 
capable of diffuse increase in tonus, 
and that the possibility that arterio- 
sclerosis may play a part in modifying 
the course of hypertension appears to 


arterioles are 


have been disregarded. The normal ag- 
ing processes in the walls of arteries are 
either omitted or dismissed too lightly 
in most discussions of arteriosclerosis. 
\ few cases of primary essential hyper- 
tension, Leishman said, run a fulminat- 
ing course; the remainder constitute 
the group of so-called benign essential 
hypertension. Individual cases in this 
group will show great variations in 
course and severity. The difficulty in 
classifving these cases is due to the 
failure to appreciate the importance 
of the arteriosclerotic factor”. 

Ophthalmoscopic examination of the 
ocular fundi will aid in the differentia- 
tion of the types of vascular symptoms 
on which the hypertension is implanted 
since it permits ready recognition of 
old as opposed to vouthful arteries poe 
arterioles regardless of the actual ; 
of the person. 

\THEROSCLEROsIS. Atherosclerosis® and 
senile changes merge into one another, 
and thus in many instances it becomes 
difficult or impossible to determine 
how far a specific degenerative change 
in a particular tissue is related to 
atherosclerosis or to senescence. The 
two processes are, nonetheless clearly 
distinguishable. 

\therosclerosis is a systemic disease, 
th chief, but by no means exclusive, 
prnary manifestation of which is to 
be ‘ound in the arterial walls. The char- 
ac ristic arterial lesion is the atheroma, 
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which begins as a sharply circum- 
scribed accumulation of fat-laden cells 
clustering together between the in- 
ternal elastic lamella and the endo- 
thelium of the artery wall. The source 
of these cells is not entirely clear. 

In the eve the lipoid infiltrates of 
nonvascular tissues produce the lipoid 
arcus of the cornea in which a deposit, 
chiefly of cholesterol esters, is found 
in the corneal stroma near the limbus, 
in Bowman's membrane, and especially 
in Descemet’s membrane. Similar lipoid 
infiltrates are also to be found in the 
sclera in regular association with the 
lipoid arcus. Friedenwald has shown 
that the choroid also is involved in the 
lipoid infiltration, which there, too, is 
diffuse, uniformly distributed, 
related to the normal pattern. 

Atheromatous plaques in the intra- 
ocular portion of the retinal vessel are, 
on the other hand, much less frequent, 
and are much smaller and less exten- 
sive than in the neural part of the 
artery. Friedenwald has demonstrated, 
however, that typical atheromatous 
plaques can be found even in those 
portions of the retinal tree that are 
truly arteriolar in character, that is, in 
vessels that have no internal elastic 
lamella and no continuous muscular 
coat. 

If we accept Allbutt’s differentiation 
of involutionary sclerosis as an aging 
process in the arteries, independent of, 
but sometimes associated with, high 
blood pressure, we may divide the 
general population of nonhy pertensive 
subjects in two groups in order to con- 
sider the effect of high blood pressure 
upon them: 1) Those significantly af- 
fected by involutionary sclerosis. 2) 
Those not affected. 

Involutionary sclerosis is of almost 
universal occurrence after the sixth 
decade (Duke-Elder, 1940), and must 
be, therefore, regarded as a normal 
concomitant of old age. It may occur 
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prematurely in younger persons, where- 
as in some elderly people it may have 
progressed little at an advanced age. 
It commonly affects the aorta and 
larger vessels but may also be found 
in the arterioles’. 

In cases of senile ocular diseases ac- 
companied by hemorrhages, investiga- 
tions of the blood coagulation system 
have shown that besides the vascular 
changes which are visible by ophthi il- 
moscopy, there are also de ficiencies of 
the blood coagulation system. 

Senile macular degeneration is almost 
always bilateral. Two types may be 
differentiated: 

The first form occurs in old age and 
shows slight pigmentary changes. Dark 
red or yellowish dots appear in the 
dark area in the center of the macula. 
Small deposits of pigment may be ob- 
served. The visual acuity may be dis- 
turbed early in the course of the dis- 
ease. There is no metamorphopsia, 
however, but in the beginning there 
may be a central scotoma which is 
larger for blue than for red. The area 
of pigment displacement spreads very 
little. It may become as large as the 
disc and often somewhat lighter in 
color due to the disappearance of the 
pigment epithelium. The fine displace- 
ment of pigment may be observed after 
dilation by means ‘of direct ophthal- 
moscopy. In advanced cases there is 
temporal pallor of the disc. The dis- 
ease progresses very slowly. Such 
changes have often been called cen- 
tral chorioretinitis and were believed 
to be due to syphilis. In most cases 
they are probably caused by sclerotic 
changes in the choriocapillaries of the 
macula area and the nutrition of the 
external retinal layers is seriously dis- 
turbed. That is why vasodilators have 


been recommended to stop the progress 
of the disease. 

The second form of senile macular 
degeneration is characterized by a 
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lighter colored area, 1 to 2 D.D. in 
size. It is well defined and caused by 
atrophy of the pigment epithelium. 
Such areas are similar in both eyes. 
Most of them are irregular and have 
scalloped borders. A disturbance in 
central vision is present, but is not 
marked at first. The central scotoma is 
not always detectable. Senile circum 
papillary atrophy of the choroid may 
also be present, and points to the caus: 
of the disease, namely, a vascular dis 
turbance in the choroid as well as in 
the retina. 

The pallor and loss of pigment in the 
pigment epithelium does not necessarily 
indicate that the epithelium is com- 
pletely destroyed. More often, however, 
there is a change in the pigment epi 
thelium rather than destruction of it. 
The cells lose pigment, become flat 
and irregular, but they still supply 
some nutrition to the external lavers. 
If one considers the history of such 
cases it becomes apparent that macula: 
degeneration is rarely familial or hered- 
itary. 

In exceptional cases, sharply defined 
atrophy of the pigment epithelium may 
not be present in the second group. 
Instead there is a large white area 
covered by gray spots. These spots 
are poorly defined and may reach a 
size two or three times that of drusen. 
Deposits of pigment lie between them. 
The presence of a central scotoma may 
point to a true circumscribed macular 
lesion. Since this disease develops very 
slowly, changes little, and is confined 
to old people, it is properly classified 
as a type of senile macular degener:- 
tion. The round spots apparently cor- 
respond to thickenings of the lamina 
vitrea. They may  driisen-like 
deposits. 

Bedell et al.treported that senile 
macular degeneration and Kuhnt- 
Junius disease are the same. We shou'd 
consider the two common forms of 
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senile macular degeneration. The first 
evidences of one are perimacular flat, 
deep retinal, or superficial choroidal 
hemorrhages which enlarge and vary 
in form with exudates appearing near 
the center of the extravasation. The 
exudates and hemorrhages increase 
until finally, often after years, and 
after having passed through the cir- 
cinate phase, the hemorrhages cease 
and the exudate becomes an organized 
scar. In the other type of senile macular 
degeneration, vessel sclerosis and macu- 
lar edema and hemorrhages are less 
conspicuous but often recur until the 
terminal stage when there is an almost 
flat macular region with gross choroidal 
vessel sclerosis. 

Dr. Kravitz said there is no depre- 
ciation in vision of the aged with 
demonstrable changes in the media or 
macula. Dr. Kornzweig quoted from 
an article by Fisher that 50% of old 
people have decreased vision without 
findings. Elwyn said that he has seen 
diminution of vision with no patho- 
logic process evident in media or fundi. 
Waardenburg reported two sets of 
aged female monozygotic twins who 
both suffered from senile macular dys- 
trophy® 

Separation of the lavers of the retina 


“retinoschisis,” 
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occurs usually in the 
temporal fundus of persons in the 50- 
to 60-year bracket and males are more 
frequently affected than females. The 
lesions are of comparable extent in 
both eyes. The inner layer of the retin- 
oschisis always contains the retinal 
blood vessels, and they often appear 
white in their periphery as if oblit- 
erated. 

At first it appears to be nothing more 
than an exaggeration of cystoid de- 
generation of the peripheral retina; 
however, in its second stage, senile 
retinoschisis progresses in two direc- 
tions, it gradually extends nasally until 
it finally encompasses all of the ex- 
treme fundus periphery; it progresses 
from the temporal region toward the 
disc. In its third stage it forms a large 
cyst-like elevation in infero- 
temporal or supero-temporal quadrant. 

There are several conditions with 
which retinoschisis may be confused, 
for instance, retinal cyst, retinal detach- 
ment, choroidal melanoma, choroidal 
exudative disease. As retinoschisis dis- 
rupts the layers of the retina, it is 
futile to attempt restoration of visual 
field by reattaching its inner layer. 
Surgery rarely succeeds in pe ‘rmanently 
flattening out a retinoschisis. 
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Durinc the past 20 years intense in- 
terest in the transplantation of tissues 
has been kindled anew, and a number 
of excellent reviews of various aspects 
of the field have been published'**** 
454. But while a better definition 
of the problem has been developed, 
the biologic barrier to successful homo- 
transplantation between nonrelated 
hosts has yet to be surmounted. Essen- 
tially, the problem is as follows**': if 
skin from a man’s arm be transplanted 
to a suitably prepared place on his leg, 
it develops a blood supply and lym- 
phatic drainage, and it becomes more 
or less indistinguishable from surround- 
ing tissues. If this same skin were to 
be placed on the leg of a nonrelated 
person, however, the sequelae would 
be quite different. During the first 5 or 
6 days this “homograft” would be in- 
distinguishable from an “autograft.” It 
would become vascularized, acquire 
lymphatic drainage, and appear to have 
survived. Yet, within 7 to 18 days it 
(150/246) 


would become edematous, inflamed, 
and would eventually ulcerate. This is 
the “first set reaction.” If a second piece 
of skin from the original donor wer 
now to be grafted, the second graft 
would be rejected several days sooner 
than the first. This accelerated rejec- 
tion is termed the “second set reac- 
tion.” 

This example of transplantation of 
skin is applicable to the transplantation 
of most nucleated tissues with very 
few exceptions. The accelerated rejec- 
tion of the second graft suggests that 
the host has developed “immunity” as 
a result of exposure to antigens from 
the donor. Exploration of this immun- 
ity has been the objective of an im- 
mense amount of research'S. The «x- 
tensive work of Medawar and associ- 
between 1940 and 1°60 
categorized intolerance to transplan ed 
tissue as an actively acquired imm)in- 
ity, and today this is the most unive: il- 
ly accepted concept*. 
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Solution of the “homotransplantation 
problem” would provide a tool of tre- 
mendous clinical potential. Whole or- 
gan replacement between nonrelated 
persons would then become possible, 
and surgical procedures for transplan- 
tation, already having been perfected, 
would immediately be carried out. As 
a side product of homotransplantation 
research, a body of new immunological 
concepts would be defined which might 
well be applicable in the treatment of 
malignancies and perhaps the autoim- 
mune diseases. The body's barrier to 
transplantation of tissues between non- 
related individuals having been broken, 
homotransplantation would then be as 
feasible as the transplantation of  tis- 
sues between identical twins™ 

DEFINITIONS. 


is now. 
Before discussing ho- 
mologous transplantation of tissue, to 
which the subsequent discussion will be 
largely confined, certain terms should 
be defined: 
Chimera: the name given to an 
animal harboring the tissues of an 
animal of different genetic con- 
stitution. 

2. Heterograft: tissue transplanted 
from donor to recipient of a dif- 
ferent species. 

Homograft: a transplant from 
donor to recipient of the same 
species. 

t. Autograft: a graft from an indi- 
vidual to the confines of that same 
individual. 

Isograft: a graft from one uni- 
ovular twin to the other twin. 

6. Homostatic Graft: a graft whose 
presence as a nonviable tissue may 
serve a useful purpose in bridging 
or filling a defect (arterial graft). 
Homovital Graft: tissue grafts 
which depend for their success 
upon their surviving living 
functioning tissue. 

Homograft Rejection Phenomena. In 
h investigations of transplantation 
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immunity, Medawar*’ demonstrated 
that homograft sensitivity was not con- 
fined to the area of the first set reaction 
but was systemic. This was accom- 
plished by taking several pieces of skin 
from the original sensitizing donor and 
placing them at various locations on 
the host. He noted that they regressed 
simultaneously and postulated that the 
rapidity of rejection varied directly 
with the degree of genetic difference 
between the donor and the host. It was 
predicted that success in abolishing 
homograft sensitivity would be fur- 
thered by a precise definition of the 
antigens and antibodies which medi- 
ate this sensitivity*®. 

There are two phases of homograft 
rejection™: 1) an early, nonspecific re- 
action characterized by local cellular in- 
filtration at the site of the graft, and 
2) an antigen-antibody reaction which 
occurs after the grafted material has 
served as an antigen and the host has 
had sufficient time to re spond by form- 
ing specific antibodies. Basically, homo- 
graft rejection is thought to be a func- 
tion of the lymphoid and_ reticulo- 
endothelial systems, and antibodies 
produced by the host are believed to 
exist as both humoral and cell-bound 
types. The fact that homografts sur- 
vive longer in patients with congenital 
agammaglobulinemia offers some proof 
of the importance of humoral anti- 
bodies. However, the persistence of 
viable homografts in the millipore dif- 
fusion chambers which exclude contact 
of sensitized host lymphocytes with the 
homograft attest the importance of 
“cell-bound” antibodies. Lawrence**7 
postulates four types of immunological 
effector mechanisms, any one or a 
combination of which could be set in 
motion by antigenic stimulus and result 
in the destruction of the homograft tis- 
sue concerned: 1) the homograft rejec- 
tion could be mediated by serum anti- 
bodies of the classical type with the 
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mechanism of tissue damage being 
analogous to the Arthus sensitivity; 2) 
mediation of rejection could be effected 
by a cell-bound immune factor or fac- 
tors, and the mechanism of tissue de- 
struction would be analogous to tuber- 
culin sensitivity; 3) a combination of 
1 and 2; and 4) mediation could be by 
an immune response which is unprece- 
dented in immunology and which is 
only now being characterized*". 
Those who believe that the immuno- 
logical mechanism _ is 
tuberculin sensitivity 
lowing reasons: 


analogous to 
give the fol- 
1) the responsiveness 
of the host is relatively rapid, long- 
lasting, and systemic; 2) the inflamma- 
tory process is characterized histologi- 
cally by round-cell infiltration and 
necrosis: and 3) transfer of se nsitivity 
may be accomplished with viable cells®. 
The work of Algire!“ with the milli- 
pore chamber and similar work by 
others'” have demonstrated the im- 
portance of cell-bound antibodies in 
homograft rejection mechanisms. The 
role, if any, of circulating or humoral 
antibodies is the subject of much spec- 
Most investigators are 
of the opinion that humoral antibodies 
play a minor part in the homograft re- 
jection phenomenon. Four types of 
humoral antibody activities have been 
recorded in immune sera**: a) erythro- 
cyte agglutination, b) leukocyte agglu- 
tination, c) protective tumor neutraliz- 
ing effect, and d) cytotoxic effect. 
Whether multiple or single antibodies 
are responsible for these phenomena 
remains to be seen. It is generally be- 
lieved that the process of active im- 
munization entails the formation of 
antibody-like reactive sites either on 
the surface of cells of the regional 
lymphoidal tissue or within them, and 
it is these reactive sites which play the 
dominant role in the destruction of the 
transplant®. 
Consideration must now be given to 
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the antigens which presumably elicit 
homograft sensitivity. It has been found 
by testing the antigenicity of ce ll de 

bris se parated by differe ntial centrifu 
gation that most of a cell's antigenicity 
resides in the and littl 
or none in the cytoplasm. This is borne 
out by the fact that non-nucleated cells 
are unable 


nuclear tissue 


to elicit immunity in adults 
or tolerance in young animals. They are 
control and thus 
successful transplantation requires that 


all the 


donor and host. 


under strict genetic 


dominant genes be present in 


a condition which ex- 


ists in identical twins and highly in 
bred strains of animals. The number 
of antigens varies with the species 


\ledawar™”’ postul: ited 5 in the rabbit 
but as many as 27 have been postulated 
in man. He believe that 
the tissue antigens are complexes con 
acid, but the 
use of DNA alone has not vet produced 
immunity. Th 
genetic laws applicable to tr: inspl inta 
tion antigens are as follows'? 
L. Transplants within a single inbred 
Strain 


and others®! 
taining deoxvribonucleic 


homotr: insplanti ition 


grow progressively 
in all hosts. 


2. Transplants between strains (A— 
3) do not grow, or grow tempor 
arily and then regress. 

3. Transplants to F; hybrid animals 


where one parent was inbred and 
susceptible (A—AB) 
gressively in all hosts. 
4. Transplants originating in F, |» 
brids will grow in F,_ hy- 
brids (AB—AB) but not in mem- 
bers of either parent strain (AB-> 
B; ABA). 
These are known as Snell's laws. 
Vascularization of “the homograft is 
important. Converse’? believes that t/ie 
degree of hypersensitivity developed 
the host is directly proportional to te 
amount of vascularization of the gr. it 
that has occurred. It has been not d 
as grafts 


grow pro- 


many times that as long 


E 
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the anterior chamber of the eye remain 


avascular, they will remain viable. 


is postulated ‘that the antigens reach 
the host via the graft’s lymphatic drain- 
age system and that the antibodies 
reach the graft via the blood vessels. 
The brain with its poor lymphatic 
drainage is a suitable place for pro- 
longed homograft survival*?. Whereas 
the cell nucleus serves as antigen, cell 
cytoplasm is considered to be a site 
of antibody formation. 

To recapitulate, both a “primary re- 
sponse” and a “secondary response” are 
manifest in homograft reaction phe- 
nomena. In the primary response an 
initial “take” pe riod is noted which lasts 
no less than 5 or 6 days. During this 
time it is indistinguishable from an 
autograft, and it develops a blood sup- 
ply and lymphatic drainage. This first 
5 or 6 days is also a latent pe riod 
during which the host’s re sponse is set 
in motion. After the fifth day a round 
cell invasion of the graft is noted. 
These are chiefly immature lympho- 
cytes and plasma cells. When dilatation 
of the graft vasculature occurs, rejec- 
tion is impending. With this dilatation 
there follows vascular congestion, and 
circulation in the graft ceases. The 
endothelium breaks down, and wide- 
spread hemorrhage occurs. The graft 
epithelium degenerates, causing frag- 
mentation, erosion, destruction. 
The graft is finally undermined by the 
host’s skin and is sloughed®. The “sec- 
ondary response” or second set reac- 
tion occurs when the host has been 
previously sensitized to the donor 
tissue, and the second graft is de- 
stroyed more rapidly. This immunity 
is present over the whole body surface 
and the interior, representing ‘acquired 
invmunity. In the rat this immunity has 
been shown to extend at least over a 
240-day period. The histological ap- 
pearance of the second set reaction is 
diferent from the primary reaction. No 
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vascularization occurs and no cellular 
infiltration develops at the graft inter- 
face. The primary reaction is thought 
to leave the host tissues in a general 
state of sensitization in much the same 
way as tuberculin sensitivity. 

Homograft Takes: Measures Used 
to Enhance. Various methods have 
been used to prolong the life of 
homografts. The measures employed 
have been designed to alter the donor, 
the specific tissue to be grafted or the 
recipient. For example, the host has 
often been irradiated prior to excision 
of the tissue to be homografted. Treat- 
ment of the graft might include 
irradiation or lyophilization. Some ef- 
fort has been made to reduce, if not 
abolish, graft antigenicity with tissue 
culture techniques. In cases where the 
graft is an organ such as_ intestine, 
heart, liver or a limb, perfusion and 
simultaneous cooling to temperatures 
in the range of 4° C. have been carried 
out using Ringer's lactate®*°. 

Treatment of the host has also been 
the focus of intense effort. Generally, 
the modalities of treatment are di- 
rected toward depression of the im- 
munological response. These have in- 
cluded irradiation, the use of endocrine 
substances such as cortisone, chemicals 
including benzol, nitrogen mustard and 
other cytotoxic age nts**43. and reticulo- 
endothelial blockade with particulate 
matter. All of the above mentioned 
methods of treatment have met with 
only partial success. 

ACQUIRED TOLERANCE. A further con- 
cept has been evolved which is poten- 
tially useful. This is the concept of 
acquired tolerance. Acquired tolerance 
is a state of tolerance for homotrans- 
plants which is induced by the intro- 
duction of cells from the proposed 
donor into the proposed host while the 
host is in the embryological or, at the 
latest, the neonatal state. It has been 
demonstrated many times that after 
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this early treatment the host later, when 
adult, will accept further grafts from 
the original donor. 

The historical background for this 
concept came from observations that 
fraternal cattle twins which are syn- 
chorial will accept each others’ skin 
grafts. It was proposed that in the em- 
bryological state these animals had 
common placenta which permitted mix- 
ing of blood elements. It is further 
noted that grafts from mothers to their 
offspring show a greater incidence of 
prolonged survival than grafts from 
fathers to their progeny. This is con- 
sidered to represent more evidence 
that acquired immunity due to the 
mixing of blood eleme nts mi iv develop 
due to transplacental exchange. In such 
situations the individuals may become 
chimeras in that each may harbor cells 
from the other. Incidentally, leukocytes 
from a female animal can be identified 
following their injection into the blood 
stream of a male through differences 
in cell morphology. 

In an effort to explain the phenome- 
non of acquired tolerance, Billingham, 
Brent and Medawar?*“"* evolved the 
following theory: they proposed that 
tolerance could be produced by the 
introduction of foreign tissue into the 
embryo before it reached a critical age 
at which its immunological mechanism 
could differentiate “self’ from “not 
self.” Before this critical age, the foreign 
tissue would be taken in and consid- 
ered “self” when the critical age is 
finally reached. Subsequently, further 
grafts from the same donor would pro- 
duce no homograft reaction. This is a 
form of active sly acquired tolerance and 
so far it has been demonstrated to be 
permanent. The period of the embryo’s 
existence before it can distinguish ‘be- 
tween self and not self is appropriate ly 
termed the “adaptive period.” It has 


been found that the earlier the intro- 
duction of foreign cells, the easier it 
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is for the embryo to adapt**. Acquired 
tolerance has been applied to heterolo- 
Any nucleated tissue 
from the donor is sufficient to produce 
acquired Following — the 
“adaptive period” there is a “null pe- 
riod” during which the embryo is able 
to distinguish foreign tissue but is im- 
munologically unable to react. 
grafts are 90% rejected during this pe- 
riod. Following the “null period” there 
is the period ot ma- 
turity.” 

An ingenious method for the intro- 
duction of foreign tissue is one called 
parabiosis in which two animals’ cir- 
culations are connected. The phenome- 
non of acquired tolerance may be dem- 
onstrated*” using this method, 
which has been employed in biologic 
study for almost a century. It has also 
been found that acquired tolerance can 
be transferred to another animal via 
parabiosis. 

Concurrent with the findings men- 
tioned above concerning acquired tol- 

it was noted by Toolan*® 
's47 that fetal tissue, especially 
skin of embryos, was less antigenic up 
to a certain age, and thus that embry- 
onic skin grafts survived for a longe: 
period when placed on adult hosts. 

GRAFT VERSUS (RUNT) DISEAS! 
An unfortunate result of the produc- 
tion of acquired tolerance is the pro- 
duction of secondary This 
entity is termed “runt disease,” “graft 
versus host disease,” or “parabiotic dis- 
This entity may result 
chimerism is produced by embryonic 
tolerance, by parabiosis, or by the use 
of irradiation to destroy the host's im- 
mune mechanism. Graft versus host dis- 
characterized by failure of 
growth and development of the host, 
diarrhea, anemia, spherocytosis, 
elevated serum indirect bilirubin level, 
lymphatic atrophy, and pulmona:y 
edema. This reaction pattern has ben 
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noted by many 442.51, 

The immunological explanation for 
this adverse phenomenon is that it re- 
sults from antigens being released by 
the host, and that the immunologically 
active graft produces antibodies which 
destroy the immunologically inactive 
host. Proof for this hypothesis lies in 
the fact that the host demonstrates no 
hematopoietic depression even though 
CR;)-labeled erythrocytes disappear 
from the host's blood a rapid rate. 
It is also notable that this disease is not 
evident when isologous tissues are used. 
The cause of death may be an immuno- 
logic hemolysis. 

An interesting sidelight in considera- 
tion of the transplantation problem is 
the finding that some cases of chronic 
illness, such as uremia and_ thermal 
burns, have been associated with in- 
creased homograft tolerance. Agamma- 
globulinemia victims, especially those 
with the congenital form, are tolerant*. 
The same is true of patients with 
Hodgkin's disease where the reaction 
to skin homografts is delayed, pro- 
longed, and incomple te in many in- 
stances*', This is ascribed to a high 
incidence of anergy in such individuals. 

Organ Transplantation. The general 
concepts of homograft tolerance and 
rejection have been outlined. In these 
observations the reaction to skin has 
been used as a prototype. The re- 
mainder of the discussion will be de- 
voted to a brief survey of experiences 
with the transpl: intation of whole or- 
gans. Transplanted organs are not per- 
iianently tolerated by nonrelated hosts, 
hut much has been learned experi- 
mentally. The fact that kidney trans- 
plants between identical twins have 
heen successful has served as a strong 
‘imulus to further assault upon the 
immunologic barriers which prevent 
siccessful permanent organ takes in 
1 onrelated individuals. Representative 
‘rgan transplants reviewed will include 
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the heart, lung, liver, bowel, kidney, 
parathyroid and blood (bone marrow ). 
Arterial homografts have of course 
been extensively and successfully used 
as a temporary bridge into which and 
across which host tissue m: iv grow, but 
discussion of arterial grafts is not par- 
ticularly useful in characterizing the 
homograft rejection phenomena. 

HEART. While successful —tempor- 
ary transplants of the heart had been 
achieved long ago in animals by placing 
the heart in the neck or elsewhere?’, 
one of the first complete homologous 
heart transplants which functioned as 
the sole support of circulation in the 
animal would appear to have been that 
of Neptune and associates*’. These 
workers reported 3 dogs in which the 
heart and lungs were successfully trans- 
planted under hypothermia, with the 
donor heart maintaining all circulation 
and allowing return of reflexes, sponta- 
neous respiration, restoration of normal 
body temperature and survival up to 
6 hours following surgery. Electrocar- 
diograms performed on these animals 
revealed an essentially normal tracing 
in some instances. They pointed out 
that the experimental procedure pro- 
vided a means of studying the de- 
nervated heart and lungs, though of 
course the survival of their animals was 
of limited duration. As noted, a number 
of workers had previously placed the 
heart in the neck and reestablished cir- 
culation through it by appropriate 
anastomoses to the carotid artery and 
jugular vein. The conspicuous advan- 
tage of this location of the heart is 
that by its pulsations one can identify 
the functional integrity of the trans- 
planted tissue, which continues beating 
until the immunologic mechanisms re- 
sponsible for homograft rejection have 
become effective to the extent that car- 
diac contractions cease. 

Webb and his associates®™ in our lab- 
oratory reported a considerable experi- 


| 


ence with the transplantation of heart- 
lung complexes. After confirming the 
fact that the heart might survive with- 
out circulation for periods up to 90 
minutes at room te mperature, if as sug- 
gested by Crowell and Smith" it were 
to be heavily heparinized or if the 
blood were removed from the cardiac 
capillary bed to prevent the formation 
of obstructing clots within the coronary 
circulation, they added the additional 
protection of re friger ation in a nutrient 
medium at 4° C. This offered satisfac- 
tory preservation for at least 6 to § 
hours with return of normal function. 
Of 12 technically successful transplants 
utilizing refrigerated hearts, 10 were 
able to maintain normal blood pres- 
sures for from 30 minutes to 7% hours. 
For example, an animal would recover 
and be capable of walking about the 
laboratory while his circulation was 
maintained entirely by the transplanted 
heart. 

Such experiments clearly emphasize 
the fact that, with additional physio- 
logic and technical exploration, the 
transplantation of hearts would appear 
to be feasible if and when the immuno- 
logic problems incident to homotrans- 
plantation have been overcome. 

LuNG. Lung transplants have been 
mentioned in connection with heart- 
lung transplantation, but the transplan- 
tation of the lung itself is revealing be- 
cause it imposes less stress upon the 
recipient and thus permits longer sur- 
vival and more precise functional analy- 
sis. Although various workers had 
removed a lung and then reimplanted 
the same lung at its original site suc- 
cessfully with apparent satisfactory 
function in this organ, Hardin and 
Kittle'®, and Neptune, Weller and 

Bailey*® were among the early workers 
who successfully transplanted lungs 
from one unrelated animal to another. 
After working out various technical 
problems utilizing the autogenous re- 
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implantation technique, Neptune et al. 
performed 25 homologous lung trans- 
plantations. In general, the clinical 
course of the animals followed a con- 
sistent pattern. They appeared to be in 
excellent condition initially and on the 
day following surgery they would eat 
and walk willingly on a leash. There 
was good ventilation on the side of 
the homologous transplant, evi- 
denced by auscultation and Roentgen 
examination of 1 lungs; bronchoscopy 
also revealed a patent bronchus and 
adequate ventilation. After several 
days, however, the animals became 
listless and refused to eat, dying there- 
after. At necropsy the transplanted 
lung was grossly enlarged in size and 
weight and was dark red and appeared 
solid on palpation. On sectioning, wide- 
spread necrosis was noted and no gross 
pattern consistent with healthy pulmo- 
nary tissue was found. It was the im- 
pression that the administration of 
ACTH had permitted certain lungs to 
survive longer than those in animals 
not so treated. The average survival 
time without the use of ACTH was 6 
days; with ACTH it was 25 days. 

Hardin and Kittle’® carried the tech- 
nique of lung transplantation further 
in that following transplantation of a 
lung to one side of the animal the op- 
posite lung was also removed in 5 dogs. 
This required the entire respiratory 
support of the animal to be maintained 
by the transplanted homologous lung. 
In 3 animals death occurred either dur- 
ing the operation or within 20 minutes 
after its completion. However, the re 
maining 2 animals survived for 6 and 
9 days, proving unequivocally the func- 
tional ability of the homologous lung 
during these periods. 

Here again, as with heart transplan- 
tation, the fact that the animals can sur- 
vive for the duration of the usual pe- 
riod of tolerance of homografts an: 
the graft provides adequate pulmonary 
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function in the absence of the animal's 
excised lungs, is proof that it is not 
technical difficulties but the immuno- 
logic barriers which thus far prevent 
the successful use of lung homotrans- 
plantation in the treatment of pulmo- 
nary insufficiency due to various dis- 
eases such as emphyse ma, cystic dis- 
ease, or tuberculosis. 

LIVER. Certain organs have been far 
more extensively investigated as homo- 
transplants than have liver transplants: 
skin is easily available; the kidney has 
significance as a paired organ with a 
simple \ vascular pedicle and a biochem- 
ical product which can easily be meas- 
ured; blood is needed for circulatory 
support; and bone marrow is useful as 
a replacement tissue after hemato- 
poietic destruction either in cancer 
treatment or as a prelimin: iry to other 
transplants. Nevertheless, few of these 
organs are the seat of a metabolic ac- 
tivity so extensive as that of the liver. 
Accordingly, Moore and his associ- 
ates*®, as well as other workers, have 
investigated the techniques and physio- 
logic function of homologous liver 
transplants in animals. In beginning 
their studies, they also noted the well 
established principle that at present 
clinical homotransplantation must rest 
on a_ state of immune _ tolerance 
achieved by chimerism, in which donor 
cells reside in the host without excit- 
ing an effective immune response. 
Should it be possible to attain destruc- 
tion of the immune system, as with 
irradiation or cytotoxic drugs, followed 
by hematopoietic restoration as with 
infusions of bone marrow or spleen, 
the recipient might then accept and 
tolerate other tissues from the same 
donor whose cells were responsible for 
the he matopoietic restoration. Draw- 
ing upon previously reported tech- 
niques for transplanting liver tissue in 
animals whose own liver was left in 
situ. Moore and his .group worked 
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out a satisfactory ope rative routine. It 
was found that the. short-term hepa- 
tectomy suffered by the recipient dog 
was not a serious problem. The tran- 
sient anoxia to which the transplanted 
liver was subjected would have been 
a major problem had it not been for 
the remarkably beneficial effect of cool- 
ing upon the maintenance of hepatic 
cellular integrity during anoxia. One 
major problem in liver removal is that 
the anticipated recipient animal has no 
vena cava at that level te mporarily and 
this results in pooling of blood in the 
kidneys, mesenteric area, and lower ex- 
tremities. Yet, if simultaneous aorto- 
caval occlusion is instituted for a pro- 
tracted period, a severe acidosis of the 
distal portion of the dog is produced, 
which will result, upon reopening of 
the occlusive clamps, in a severe hyper- 
kalemic hypoxic acidosis, cardiac ar- 
rhythmia, shock and death. This prob- 
lem was solved by the use of two low- 
pressure shunt systems from lower 
caval and portal systems, respectively, 

to the jugular veins. The homotrans- 
plant procedure was undertaken in 31 
animals, of which there were 15 sur- 
vivors for more than 24 hours. Eight 
animals lived more than 4 days, 2 more 
than 5 days, and one each survived 5%, 
6, 8 and 12 days. 

In the animals surviving the first 24 
hours there was a characteristic clinical 
course. The animals regained conscious- 
ness and became able to walk about. 
Although they recognized their hand- 
lers and produced an adequate volume 
of urine, they were unable to ingest 
significant amounts of food. Somewhat 
surprisingly, death was often unasso- 
ciated with liver failure and was usually 
unaccompanied by hypotension or 
shock except terminally. The terminus 
did not appear to these workers to rep- 
resent a fatality from hepatectomy per 
se in most of the animals, but was due 
to one or more of a variety of clinical 
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complications. In addition to transplan- 
tations of the liver, transplants of spleen 
were also carried out. Controlled ex- 
periments consisted of autotransplan- 
tation of the liver and spleen, return- 
ing these organs to their normal sites. 
In the case of both the liver and the 
spleen a satisfactory surgical technique 
was achieved. Reje ction of these homo- 
transplanted viscera was a_ gradual 
cellular process, sharply differentiated 
from avascular necrosis or surgical fail- 
ure. It was pointed out that liver re- 
placement could be useful in cirrhosis 
and in replacement of the liver where 
this organ was the only site of tumor, 
should immunologic barriers be over- 
come. 

Of particular interest were chemical 
studies of the blood following liver 
transplantation. The blood urea nitro- 
gen level was not significantly elevated 
in most animals. The blood sugar level 
was usually normal or elevated, but 
when elevated there was often the pos- 
sibility that intravenous glucose infu- 
sion might have been a causative fac- 
tor. The alkaline phosphatase level ex- 
hibited a progressive increase which 
often antedated a rise in the bilirubin 
concentration. The serum _ bilirubin 
concentration was usually normal or 
slightly elevated during the first few 
days ‘following operation, but rose 
progressively prior to death. The plas- 
ma albumin and globulin concentra- 
tions were studied by paper electro- 
phoresis, and a fall in albumin and 
a rise in alpha-2 globulin were charac- 
teristic. As for blood coagulation 
studies, significant abnormalities 
were noted in these factors until at or 
near the time of death when a bleed- 
ing tendency associated with a low 
prothrombin level became clinically 
evident. 

BOWEL. The development of effec- 
tive techniques for small vessel anasto- 
mosis has permitted an approach to 
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transplantation of the small bowel. 
Among studies of this problem, the 
work of Lillihei, Goott and Miller?* has 
been outstanding. Drawing upon the 
techniques available for the suture 
of small vessels and especially veins, 
as well as the beneficial effect of cool- 
ing the bowel to be transplanted where 
necessary, these workers reported the 
physiologic response of the small bowel 
to ischemia, including prolonged in 
vitro preservation of the bowel with 
successful replacement and survival 
In addition to extensive studies with 
replacement of the bowel into th 
same animal, successful homotransplan- 
tations of the small bowel were also 
carried out. However, inasmuch as the 
discussion of their homograft experi- 
brief, the experiences ot 
Barnett! in our laboratory may be cited 
He and his assistants performed 20 
homografts of small bowel using th 
following technique. A segment of 
bowel one foot in length was selected 
and the dissection was taken deep into 
the mesentery to prov ide a relatively 
large artery and vein. The continuity 
of the remaining bowel was then re- 
constituted by anastomosis. The arter 
and vein of the excised small bowel 
segment were sutured to an iliac artery 
and vein respectively. One or both ends 
of the transplanted bowel were brought 
out through the abdominal wall, and 
subsequently various substances, in- 
cluding the deuterium oxide and racio- 
sodium, were employed to determine 
rates of absorption in the transpl: united 
loop daily. The progress of the rejec- 
tion of the homografts was readily ap- 
parent on gross inspe ction and on 
cutting of the exteriorized ends of the 
bowel loop. The exteriorized port ions 
of the transplant were seen to become 
progressively darker and more cyoti¢ 
and cutting of the bowel resulted in less 
and less bleeding as the days pa:sed 
The longest survival of a homo:raft 
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was 9 days. Rejection, necrosis and ab- 
sorption ‘of the bowel transplant  re- 
sulted in death of the animal in all 
instances except one. In this dog the 
bowel had reached the stage of a 
fibrous cord and had been walled off 
by loops of bowel within the abdomen. 

It is clear that rejection of bowel 
homografts follows approximately the 
same biologic process as does rejection 
of heart, lung and liver as described 
previously. Nevertheless, here again it 
has been demonstrated that an im- 
portant organ can be technically trans- 
planted successfully, only to see the 
transplant eventui ally rejected because 
of the immunologic barriers to trans- 
plantation between genetically differ- 
ent partners. 

KIDNEY. One of the most dramatic and 
successful results of isologous organ 
transplantation has been the transplan- 
tation of one kidney of one identical 
twin to the other twin**, as advanced 
by the group at the Peter Bent Brigham 
Hospiti ll. These successful transplants 
between identical twins followed 
earlier kidney tr inspli intations between 
nonrelated persons**. In the original 
studies, at which time the technique 
of kidney ition was further 
deve loped, kidney was transplanted 
from a ation toa patient with severe 
renal damage in the forty-fifth day of 
anuria. This patient died 37 days after 
the transplantation and the ren: il trans- 
plant was found to have developed a 
severe glomerulone phritis similar to 
that seen in the patient’s own kidney. 
This suggested that under certain cir- 
cumstances the transplant was affected 
by the disease of the host, and that per- 
hays the patient's own kidneys should 
be excised following insertion of a 
transplant even from an identical twin. 

\lurray, Merrill and Harrison*’ re- 
ported kidney transplantation between 
7 piirs of identical twins in 1958, and 
a vumber of others have since been 
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added to this series. The indications for 
transplantations between identical twins 
were as follows: The healthy potential 
donor must have evidence of normal 
renal function bilaterally, be free from 
infection, have a normal lower urinary 
tract, and have sufficient understand- 
ing of the significance of the unilateral 
nephrectomy. As for the recipient, he 
or she must be in a terminal state of 
irreversible uremia and have a normal- 
ly functioning lower urinary tract. A 
malfunctioning lower urinary _ tract 
with poor or incomple te emptying 
might ultimately impair a transplanted 
kidney by pressure or subsequent in- 
fection. Infection, if 


present, should 
be minimal or 


controllable, and the 
primary renal disease should be inac- 
tive. Murray and his associates have 
felt that genetic and immunologic 
identity between host and recipient 
should be proved in all potential can- 
didates for transplantation by cross skin 
grafting as well as the examination of 
blood types for all known blood groups. 
Final proof was considered to be the 
presence of a nonreactive skin graft 
observed grossly and stereomicroscop- 
ically on the healthy donor after 3 
weeks. In transplants between minors 
under 21 years of age, a declaratory 
decree from the Supreme Court of 
Massachusetts was considered neces- 
sary to permit the operation in the 
healthy twin because, in such situa- 
tions, it was felt that neither the par- 
ents nor the healthy child had the right 
to consent to an operation which was 
not for the donor’s benefit. 

The operative technique employed 
by most surgeons performing human 
kidney transpl: intation is basically as 
follows. The ne phrectomy on the 
healthy donor is carried out in one 
operating room. In another room a posi- 
tion for the donor kidney is prepared 
in the right iliac fossa of the recipient: 
A right lower quadrant retroperitoneal 
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exposure is made to identify the iliac 
vessels from the bifurcation of the aorta 
to the inguinal ligament. All the termi- 
nal branches of the hypogastric artery 
are dissected out, care being taken to 
preserve each branch for possible use 
if renal abnormalities are encountered 
in the donor. The retroperitoneal area 
is dissected widely in a lateral direc- 
tion to allow room for the kidney. In 
general the renal artery is anastomosed 
end-to-end to the hypogastric artery 
and the renal vein end-to-side to the 
external iliac vein. If two or three renal 
arteries are present, as not infreque ntly 
is the case, suitable branches of the 
hypogastric are selected. As for the 
ureter, this structure is passed through 
a muscular tunnel and sutured to the 
bladder mucosa. 

Murray, Merrill and Harrison** found 
that the time lapse from clamping of 
blood supply of the donor kidney to 
its restoration in the recipie nt ranged 
from 55 to 75 minutes in the 7 cases 
referred to. One conspicuous finding 
was the fact that urine flow began 
immediately in most cases, and by the 
conclusion of the operation a copius 
diuresis was in progress. A ureteral 
catheter to the renal pelvis of the trans- 
plant was used occasionally. The post- 
operative function of these kidneys was 
excellent. A striking feature in the re- 
cipients was the rapid restitution of 
well-being and appetite. Convulsions 
ceased, congestive heart failure disap- 
peared, and the blood urea nitrogen 
level declined. Following an early out- 
put of a large volume of dilute urine, 
renal function progressed rapidly to- 
wards normal during the subsequent 
months. Patients with severe hyperten- 
sion exhibited a decline in blood pres- 
sure but not quite normal, with the 
transplantation of a third (normally 
functioning ) kidney. However, pressure 
returned to normal when the recipient's 
own two kidneys had been removed. 
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Despite the impetus and encourage- 
ment derived from these successful 
transplants of kidneys between identi- 
cal twins, such isologous transplanta- 
tions do, of course, beg the question of 
homograft rejection. Nevertheless, fol- 
lowing these studies continued efforts 
were made to make a successful renal 
transplant in nonidentical twins, and 
a successful homotransplantation of the 
kidney between nonidentical twins has 
in fact been reported by Merrill and 
his associates**. A kidney was success- 
fully transplanted be ‘tween a noniden- 
tical twin and his brother after whole- 
body radiation of the recipient but 
without infusion of bone marrow. The 
skin transplanted from donor to recipi- 
ent was rejected 8 months after graft- 
ing, emphasizing the presence of close 
genetic relationship but the absence 
of complete genetic identity. 

Hume and his associates?! have pre- 
sented a detailed study of the homo- 
transplantation of kidneys and of fetal 
liver and spleen following total body 
irradiation. They utilized the know!- 
edge that if a sufficiently large dose of 
total body irradiation be administered 
to mice, antibody formation is sup- 
pressed but marrow transplants will 
take and persist. The repopulation of 
the hematopoietic system by the 
grafted marrow leads to the produc: 
tion of an antigenic mosaic pattern 
characteristic of the donor rather than 
the recipient. Radiated mice with bone 
marrow homotransplants will therefore 
accept skin homografts from members 
of the donor’s strain. However, the use 
of bone marrow homotransplants after 
radiation may lead to the appearance 
of a significant number of animals with 
“runt syndrome,” in which failure to 
grow and eventual death appear to be 
related to the reaction of the graft 


against the host as described previously 
in this discussion. Yet, if fetal hemato- 
poietic tissues, particularly liver «nd 
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spleen, are used instead of adult mar- 
row, the “runt syndrome” may not ap- 
pear. It is believed that this is because 
the fetal tissue, by virtue of its immuno- 
logic immaturity, is able to acquire a 
tolerance to the host’s antigens and thus 
does not react against the host?!**, 

It has been noted that rejection of 
homografted kidneys in the dog is ac- 
companied by the appearance of 
lymphocytes and plasma cells in the 
interstitial spaces of the cortex, accom- 
panied by edema, tubular destruction, 
and cessation of urine formation. It 
was suggested by Dempster’® that the 
round cells which appear in the inter- 
stitial spaces are of donor origin and 
may represent a reaction of the donor 
against the host. Thus Hume and his 
associates*! attempted to determine 1) 
whether infusions of homologous fetal 
liver and spleen cells would permit 
indefinite survival after lethal doses of 
total body irradiation in dog, 2) 
whether irradiation of the host prior to 
renal homotransplantation would pre- 
vent the appearance of the usual homo- 
graft rejection phenomena, and 3) 
whether irradiation of the donor prior 
to transplantation would eliminate 
the homograft rejection phenomena. 
Twenty-eight dogs were given 600 r 
total body irradiation and all died 
within 7 to 17 days. Sixteen dogs were 
given 600 r total body irradiation plus 
infusions of fetal liver and spleen cells. 
Four of this group were surviving 12, 
16. 18 and 22 months later. In one of 
the dogs in which a male host was 
given female embryonic blood forming 
cells, female leukocyte markers could 
be readily detected in the peripheral 
blood of the host up to 8 months, but 
- disappeared by 12 months after 

rradiation. No long-term survival was 
achieved with the use of fetal tissues 
in a few cases in which total body ir- 
raciation dosage of 1,000. r or greater 
wes used. Homotransplants were not 
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facilitated by irradiation of donors with 
dosage up to 1500 r; the homotrans- 
plants were rejected in the usual way 
in the usual period of time. Likewise, 
irradiation of the host at doses of 600 
or 1,000 r failed to prevent rejection. 
Irradiation of the host in doses of 1200 
r prevented rejection in half the cases, 
and irradiation at doses of 1500 r pre- 
vented rejection in all cases. Irradiation 
of both host and donor at 1,000 r or 
greater prevented rejection in all cases, 
but not at doses of 600 r. Long term 
survival of renal homografts was not 
sought in most cases, the study being 
directed primarily at the appearance of 
functional and histological evidence of 
rejection 3 to 13 days after transplanta- 
tion. 

These studies in renal homotrans- 
plantation, while not definitive with re- 
spect to the successful achievement of 
permanent renal homotransplants, have 
been cited in some detail because they 
emphasize the general direction which 
efforts to improve successful renal 
homotransplantation between nonre- 
lated donors have taken. In general, 
irradiation or radiomimetic drugs have 
been the chief agents used to diminish 
the antigenic potential of the trans- 
planted tissue and to reduce the im- 
munologic response of the host. Al- 
though a variety of drugs have been 
employed, and in particular 6- -mercap- 
topurine, these have not been conspicu- 
ously more successful than the irradia- 
tion results outlined above. 

PARATHYROIDS. Among the earliest 
efforts at transplantation were those 
involving endocrine glands. Actually, 
implants have been employed far more 
often than transplants, the former be- 
ing implanted as slices without effort 
to anastomose vessels, while the latter 
represent formal anastomosis of blood 
supply of the donor organ to vessels 
in the host. In general, it has been 
found that endocrine organs appear to 
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be rejected in much the same manner 
as are other organs, although there exist 
rather sharp species differences with 
respect to endocrine tissue. Perhaps the 
most remarkable endocrine organ, from 
the point of view of oe is 
the parathyroid gland. Jacob, Gowing 
and Dunphy” have reviewed the ex- 
perience in the transplantation of this 
and other organs. Of all endocrine 
glands transplanted, the incidence of 
success and failure with respect to 
parathyroid gland transplants and im- 
plant has been the most difficult to de- 
termine. There have been sporadic re- 
ports for many vears to the effect that 
in patients with hypoparathyvroidism— 
whether congenital, spontaneous — or 
postsurgical—implanted parathyroid tis- 
sue or transplanted whole glands 
have ameliorated the hypocalcemia and 
other symptoms incident to the usual 
state in hypoparathyroidism. Studies 
using the millipore chamber'’, which 
prevents contact of host cells with the 
donor tissue in the chamber, are in- 
triguing and promising but not vet 
definitive. 

Unfortunately, there are several prob- 
lems which beset the investigator per- 
forming parathyroid homotransplants. 
First, the state of hypocalcemia may 
become less severe spontaneously as the 
months go by, and certainly it may 
become better tolerated by the patie nt 
or animal under study. ‘Second, the 
parathyroid glands do appear to have 
a greate r resistance to re jection by the 
nonrelated host than do other tissues. 
For these reasons it is extremely diffi- 
cult to be certain that a clinical response 
has actually been due to a parathyroid 
transplant with appropriate vascular 
anastomoses in the given patient, un- 
less one can provide histologic dem- 
onstration of apparently functioning 
and healthy arathyroid cells months 
after transplantation. In discussing 
Sterling’s report** of 3 successful cases, 
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Conway! voiced considerable skepti 
cism. He suggested four criteria which 
should be met prior to the acceptance 
of a parathyroid tr: insplant as being 
effective in ameliorating a state of hy 
poparathyroidism: first, by appropriate 
balance studies a deficiency in calcium 
metabolism should be demonstrated be- 
fore homografting; second, a satisfactory 
equilibrium of metabolism of calcium 
in the absence of oral parental 
placement therapy should be demon- 
strable after homografting; third, a 
biopsy should be performed to demon- 
strate tunctioning pari athvroid tissue in 
the transplant; and, fourth, though 
rarely possible of fulfillment, one might 
excise the endocrine transplant and 
produce a return of the preoperative 
deficiency state. 

More recently Dunphy and Jacob 
have reported clinical experiences with 
heterologous (goat) parathyroid im- 
plants, but careful study disc losed fail- 
ure of normal parathyroid cells to 
survive. 

BONE MARROW. It was pointed out 
above that transplantation of homolo- 
gous and even heterologous bone mar- 
row may be successfully accomplished 
in irradiated mice, but 
successful in larger mammals such as 
the dog and the monkey. Furthermore. 
the infusion of homologous bone mar- 
row in dogs is likely to produce the 
’ in a number of the 
recipients. It was seen above that the 
use of fetal he matopoie tic tissue is less 
likely to produce the “runt syndrome” 
than is that from adult dogs. Whereas 
the functional integrity of other homo- 
transplanted tissues can usually be 
followed by either the function of the 
organ concerned or of inspection a nd 
biopsy in the case of the skin, the 
identification of the transplanted bone 
marrow is more difficult. However, by 
making use of the female leukocyte 
markers, the introduction of bone m u- 
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row from a female donor into the blood 
stream of a male host permits the ob- 
server to follow the survival of the in- 
jected female cells in the peripheral 
blood. Thus far the long-term or perma- 
nent survival of marrow homotrans- 
plants has not been successful in the 
larger mammals, to our knowledge. 
Of special interest is the reinfusion 
of autologous bone marrow. In patients 
who are to be heavily irradiated as 
treatment for malignant neoplastic dis- 
ease or in preparation for homologous 
renal transplants, it has been a com- 
mon practice to withdraw as much 
marrow as possible from multiple bone 
sources prior to total body irradiation 
and then to reinfuse this marrow short- 
ly after irradiation. Although there has 
been some controversy regarding the 
genuine efficacy of this procedure in 
protecting the patient against pancyto- 
penia in the days following irradiation, 
it would appear to be a sound concept, 
and further experience and improve- 
ment in methods and technique may 
well establish this type of marrow 
transplant as a feasible and practical 
procedure. Here again, however, the 
genetic problem involved in homograft 
rejection is merely avoided, not solved. 


Summary and Conclusions. The 
nature of the reaction which results 
in the rejection of homografts has 


been reviewed. It is widely accepted 
that this process reflects the develop- 
ment of active ‘ly acquired immunity on 
the part of the host to the tissue from 
the genetically unrelated donor. The 
resulting systemic immunity is not un- 
like that which characterizes the reac- 
tion to tuberculin following a previous 
tuberculosis infection. The nucleus har- 
bors the antigen in large part, but 
ant: bodies are formed cytoplasm. 
'ransplantation of tissue is success- 
ful between genetically identical part- 
ner. as with identical or isologous 
twiis, or between highly inbred strains 
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of animals. The presence of agamma- 
globulinemia in the recipient, resulting 
in a highly defective immune response, 
permits longer survival of tissue trans- 
plants from nonrelated donors. 
brvos and certain neonates, 


Em- 
to which 
introduced before de- 
velopment of the immunological mech- 
anism, will tolerate these homografts, 
and later in life they will tolerate addi- 
tional homografts from the original un- 
related donor. 
tolerance. 
Efforts to render homografts between 
genetically nonrelated partners success- 
ful have centered around treatment of 
the donor or recipient or both with 
various agents including — radiation, 
radiomimetic drugs such as nitrogen 
mustard, and antimetabolites such as 
6-mercaptopurine. To date these ef- 
forts have met with only limited suc- 
cess, and at the present time perma- 
nent survival of homografts in human 
beings is achieved only between iden- 
tical twins. Thus the disciplines of im- 
munology and genetics have become 
highly important to the surgeon striv- 
ing to circumvent the homograft re- 
jection barrier. 
Technically 


homografts are 


This is termed acquired 


successful transplanta- 
tion of most major organs has already 
been accomplished, though in the ab- 
sence of permanent survival of the 


homografts. For example, the lung, 
heart, liver, bowel, kidney, parathy- 
roids and bone marrow have been 


transpl: inted with tempor: survival 
in the nonrelated recipient, only to be 
rejected in a pe ‘riod of days. In human 
studies, conspicuous success has at- 
tended the transplantation of a kidney 
from one identical twin to his partner, 
but in the absence of such close genetic 
relationships homografted kidneys 
have been rejected. 

It is concluded that while the nature 
of the homograft rejection phenome- 
non is now better understood than ever 
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before, one must concede that a final Nevertheless, the challenge is a worthy 
solution of this barrier to clinical trans- one, the clinical rewards envisioned are 
plantation of tissue or organs between great, and the barrier need not b: 
nonrelated individuals is not in sight. looked upon as insuperable. 
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Chorionic Gonadotrophin Activity 
in Euthyroid and Hypothyroid Ovaries. 
]. H. Leatnem, Pu.D. ( Bureau of Bio- 
logical Research, Rutgers University ). 
Chorionic gonadotrophin will increase 
ovarian weight and stimulate the for- 
mation of lutein tissue in euthyroid 
animals. However, hypothyroidism, 
this gonadotrophin will cause a more 
pronounced ovarian weight response 
and the formation of follicular cysts. 
Biochemical changes in ovarian compo- 
sition associated with the two states 
have been studied. In euthyroidism, 
chorionic gonadotrophin increases ovar- 
ian total RNA and DNA, ascorbic acid, 
lactic acid and alkaline phosphatase. 
Concentration of RNA and DNA, 
ascorbic acid cholesterol, glycogen and 
alkaline phosphatase decrease. Uptake 
of Pss is enhanced and Na content of 
the tissue increases. The hypothyroid 
state failed to influence ovarian bio- 
chemistry including oxygen consump- 
tion and rate of glycolysis. However, 
in hypothyroidism, the gonadotrophin 
stimulus accentuated the biochemical 
changes observed in euthyroid ovaries. 
In addition, the formation of cystic 
ovaries was characterized by an_in- 
crease in oxygen comnenegien, a re- 
duced uptake of Ps» and a decrease 
in ascorbic acid, tae cholesterol and 
Na concentrations. Cessation of chori- 
onic gonadotrophin is followed by 
spontaneous ovarian regression — in 
euthyroidism but not in hypothyroid- 
ism. Furthermore, correction of the 
hypothyroid state in cases of estab- 
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lished ovarian cysts did not correct the 
ovarian biochemistry even when the 
cysts had been surgically removed. 
The stimulus of a gonadotrophin dur- 
ing hypothyroidism appears to invoke 
a lasting biochemical change in the 
ovarian stroma. 


Neurohumoral Regulation of Lutein- 
izing Hormone (LH) Secretion. S. MI. 
MoCann, M.D., S. Tavetsnik, M.D. 
AnD R. Asrams, D.D.S. (Department 

Physiology, University of Pennsyl- 
vania School of. Medicine). LH secre- 
tion was measured by ovarian ascorbic 
acid depletion in rats pre-treated with 
gonadotrophins. Mere insertion of a 
needle into the median eminenc« 
evoked LH release, whereas little or 
no effect was obtained on insertion at 
a variety of other hypothalamic loci 
Positive results were also obtained 
from insertions into the lateral hypo 
thalamus and amygdaloid nucleus. Le- 
sions in the median eminence and i 
the suprachiasmatic region (the forme: 
inducing persistent diestrus and_ the 
latter constant vaginal estrus ) pre 
vented the rise in plasma LH whic 
followed ovariectomy and were asso- 
ciated with subnormal values of hypo- 
physial LH content. The rise in 
pituitary LH content which follows 
ovariectomy was blocked by median 
eminence lesions but not by those in 
the suprachiasmatic region. Acid 
extracts of rat stalk-median eminem 
tissue evoked ascorbic acid depletic. 
on injection into the assay animal. 
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Experiments with hypophysectomized 
assav rats indicated that at least part 
of this activity of the extracts was 
caused by LH secretion. The activity 
could not be accounted for by the con- 
tent of known pharmacologically active 
agents in the extract, such as vasopres- 
sin and oxytocin. These stalk-median 
eminence extracts produced a_ signifi- 
cant elevation of the LH titer in plasma 
of ovariectomized rats pre-treated with 
estrogens. Little or no activity was 
found in extracts of cerebral cortex or 
other hypothalamic areas. It is sug- 
gested that an LH-releasing factor, 
secreted by the median eminence, reg- 
ulates LH secretion by the adenohy- 
pophysis. 


Activators and Inhibitors of Steroid 
Hydroxylation by Adrenocortical 
Microsomes. D. Y. Cooper, O. Fororr 
AND Orro RosenrHAL (Harrison De- 
partment of Surgical Research, Schools 
of Medicine, University of Pennsvyl- 
vania). We have previously shown 
that 10 »M catecholamines and 10 »M 
ascorbate respectively accelerate and 
inhibit by about 50% 21 hydroxylation 
of steroids by adrenocortical micro- 
somes from steer adrenals. We have 


PHYSIOLOGY 167/263 
now studied the action of enzyme in- 
hibitors on this reaction. Microsomes, 
isolated in 0.25 M sucrose solution and 
washed in 0.15 M KCl were added to 
a 0.15 M NaCl-2% bovine albumin 
medium conti 20 mM glycylgly- 
cine buffer pH 7.4; 0.6 mM TPN; 3.3 
mM 0.4 units 
glucose-6-phosphate dehydrogenase and 
0.2 mM 1l7@OH-progesterone. Steroid 
formation (2 hrs. 37° C. air), deter- 
mined with the Silber-Porter reaction, 
averaged 300 »g. per mg. microsomal N. 

Twenty-one hydroxylation was accel- 
erated by O.1 mM cyanide (40 to 60%) 
or diethyldithiocarbamate (50 to 150%) 
which also prevented ascorbate inhibi- 
tion. Inhibitory were 1 mM_ Versene 
(25%) or azide (30%); 0.1 mMaa’ 
dipyridyl (30%) and 0.01 mM o-phenan- 
throline (607). Higher concentrations 
of the latter two inhibited completely. 

It appears that two types of metal 
ions are operative in the microsomal 
system 1) activators (Cu?) of TPNH 
oxidation, directly or via ascorbate, 
preventing function of the coe nzyme in 
hydroxvlation and 2) activators (Fe2*?) 
of the steroid hydroxylation. The nature 
and site of action of these cations are 
being studied. 
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BOOK REVIEWS AND NOTICES 


La ves Bacreries. By E. L. 
WOLLMAN AND F. Jacos, L’Institute Pasteur. 
Pp. 248; 23 ills. Paris: Masson et Cie, 1959. 
Price, 3,000 fr. 

Tue authors have published much original 
research bacteriophage microbial 
genetics. Therefore, they are well qualified 
to prepare for French-reading scientists a 
monograph on sexuality in bacteria. Contained 
herein are the authors’ own researches on 
lysogeny and genetic recombination in E. coli 
as well as an authoritative discussion of the 
pertinent world literature. Of particular in- 
terest to the writer is the section on sexual 
differentiation. This paperbound volume is a 
Pasteur Institute Monograph and it well de- 
serves a place in that distinguished series. 

ES. 


FuNCTIONAL Neuro-ANATOMy. By A. R. 

BucHANAN, M.D., University of Colorado 
School of Medicine, 4th ed. Pp. 377; 273 
ills. 18 in color, Philadelphia: Lea & 
Febiger, 1961. Price, $8.50. 

Tuis text is an amplification of a syllabus 
for the author’s class in neuroanatomy. A 
functional approach and discussion of clinical 
applications of neuroanatomy are emphasized. 
The restriction of the text to essential material 
and simplification of the illustrations that are 
semidiagrammatic line drawings will help to 
make this text very useful for the student. 

E.S. 


An INrROpUCTION TO PHARMACOLOGY. By 
J. J. Lewis, Senior Lecturer in Experimental 
Pharmacology, University of Glasgow. Pp. 
826; 164 ill., Edinburgh and London: E. 
& S. Livingstone Ltd., 1960 (The Williams 
& Wilkins Co., Baltimore, U.S. Agents). 
Price, $11.00. 

Tuis text is an elementary but good intro- 
duction to the subject of Pharmacology with 
relatively less emphasis on medical pharmacy 
and therapeutics than is found in the usual 
textbooks of Pharmacology for medical stu- 
dents. Relatively more emphasis is placed 
on general principles, some of which are illus- 
trated with considerable clarity. Pertinent 
background material in physiology, biochem- 
istry, microbiology and other subjects is 


given frequently as an introduction to a group 
of drugs, and is presented clearly yet con- 
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cisely. Many of the illustrations are simple 
but extremely informative. Coverage is very 
broad from the standpoint of the number of 
drugs dealt with, but necessarily brief with 
respect to each group of drugs. Much of the 
material is presented in essentially outlin« 
form. Due respect is given to chemical formu- 
lae and_ structure-activity relationships. A 
good introduction but not a replacement for 
larger standard texts. R.S. 


SYNTHESIS AND ORGANISATION IN 

rERIAL By Ernest F. Gave, Univer- 
sity of Cambridge, England: Pp. 110; 5 
plates and 14 ills. New York: John Wiley 
& Sons, Inc., 1959. Price, $3.50. 

Tus pocket-sized book contains three le« 
tures delivered at Rutgers University in 1959 
as the third of the series of Ciba Lectures in 
Microbial Biochemistry. In them Dr. Gal 
first relates cell structure to metabolic pro: 
esses, 
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and then concentrates upon microbial 
synthesis of nucleic acids and proteins. The 
subjects he discusses are of great importanc: 
to microbiologists and to biochemists particu- 
larly, but they have much broader significanc: 
for the mechanisms of cell growth will not 
be understood until a much wider knowledg 
of nucleic acid-protein synthesis is achieved 
Our state of knowledge in this area is clearly 
and expertly explained in these lectures. 
Readers interested in the modes of action 
of chemotherapeutic agents will find that 
the author does not neglect his own extensiv: 
researches in this area. The discussions of 
this as well as the other subjects are sophisti- 
cated and, therefore, written at the level of 
the graduate student or specialist in microbial 
biochemistry. E.S. 


ReEcENT ProGREss IN HORMONE RESEARCH, 
PROCEEDINGS OF THE LAURENTIAN HorMont 
CONFERENCE, 1958. Edited by Grecony 
Pincus. Pp. 504; illustrated. New York: 
Academic Press, Inc., 1959. Price, $12.50 
THe annual Laurentian Hormone Confer- 
ences are always stimulating meetings. T/ie 
program is planned to highlight important 
modern developments in hormone research 
rather than to emphasize a single subject 
This volume is divided into four sectiovs. 
The first section consists of five papers on 
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the general subject of the Pituitary Hormones. 
The section on Aspects of Steroid Chemistry 
and Metabolism is made up of five papers. 
There are two papers devoted to Aldosterone 
Chemistry and Physiology. Of particular in- 
terest is the work by Gordon Farrell on fac- 
tors influencing the secretion of aldosterone. 
The final section of four papers is under 
the general heading of Hormones and Metabo- 
lism. The discussions following each presen- 
tation are interesting and provocative. B.C. 


Rypins’ Mepicart Licensure EXAMINATIONS. 
Edited by Wavrer L. Brerrinc, M.D., 
Secretary-Editor, Federation of State Medi- 
cal Boards of United States; Professor 
Emeritus, State University of lowa. Pp. 805. 
Philadelphia: J. B. Lippincott Co., 1960. 
Price, $11.00. 

Tuts ninth edition of this popular review- 
for-examination book has been thoroughly 
revised and brought up-to-date. Fourteen 
outstanding authorities in various fields have 
contributed chapters dealing with their 
specialty, together with a series of essay 
questions with which the student can check 
his knowledge. The first chapter by Dr. 
Bierring discusses the general philosophy of 
examination, the various methods of posing 
questions, and sample questions from the 
Federation of State Medical Boards of the 
United States. 

One of the great difficulties in the prepara- 
tion of a book of this type is the need for 
excessive condensation of the material cov- 
ered. The reviewer felt he could sense the 
strain that must have been involved for the 
authors as they attempted to reduce their 
subject to the required number of pages. It 
is of interest, for example, that the field of 
internal medicine, including skin, central 
nervous system, and mental disease, is given 
only 59 pages! Would it not be better to de- 
vote the entire book to questions, both of 
the essay and objective type, so that the 
student may be made aware of the weak spots 
in his education and be thus stimulated to 
refer to more exhaustive texts? T.D. 


ULTRASTRUCTURES ET DE FONC- 


Nuc ieamnes. Edited by J. ANprt 
HoMaAS, The Sorbonne, Paris. Pp. 222: 
’ ills. Paris: Masson et Cie, 1959. Price, 
2 NF. 

luis paperbound monograph is the fifth of 
series entitled “Biocytologica” produced 
ler the direction of Prof. Thomas. The 
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central theme is cellular, or more properly 
called in recent years, molecular, biology. 
Five investigators contributed 6 chapters to 
this volume, each author dealing with a sub- 
ject to which he has personally contributed 
a substantial amount of new knowledge. For 
example, Baud discusses the structure of 
nuclear membranes as revealed by anistropic 
optics and he includes some beautiful photo- 
graphs to support his points. On an equally 
high plane are contributions on RNA (Fica), 
INA-proteins and chromosomes (Lenormant ) 
and the cybernetics of cells (Glinos). Worthy 
of special commendation are Grasse’s electron 
micrographs of chromosomal structures, and 
bibliography that follows 
Faure’s chapter on nucleic acids. 

Biologists, interested in the biochemistry of 
cells but not intimately acquainted with the 
original publications of these men, will find 
here much valuable information if they can 
read scientific French. E.S. 


the extensive 


Cumicat Orrnorepics, Nemper 17, Sum- 
1960. Edited by ANrHony F. De- 
Parma, M.D., Professor of Orthopedics, 
Jefferson Medical College, Philadelphia. 
Pp. 387; 204 ills. Philadelphia and Montreal: 
J. B. Lippincott Company, 1960. Price, $7.50. 

Tuts volume contains few clinical data 
but abounds in clinical physiology and pathol- 
ogy of bone. The following titles of some of 
the articles attest to this: Additional Abbrevia- 
tions on Bone Crystal Dimensions, the Ivory 

Core of Tusks and Teeth, Isotope Study of 

Bone Salts, Crystal-Collagen-Water Relation- 

ships in Bone Matrix, and many others. As a 

text it indicates research is active in various 

facets of Orthopedics. The book should be 
of great interest to the physiologist, patholo- 
gist and research worker. It is not recom- 
mended for the medical student, nurse or 
physiotherapist. The Editor is to be congratu- 
lated on the varied articles included in the 
text; the bibliography for each is more than 
adequate. A.S. 


Sececrive Toxicrry. By Aprien ALBERT, 
D.Sc. (Lonp.), Pu.D. (Mep.), Professor of 
Medical Chemistry, Australian National Uni- 
versity. 2nd ed. Pp. 233; 36 ills. New York 
John Wiley & Sons, Inc., London: Methuen 
& Co., Ltd., 1960. Price, $5.50. 


Tuts book is directed primarily at post- 
graduate readers interested in Pharmacology 
and Toxicology. It is about drugs or chemical 
agents which selectively injure some kinds 
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of cells and not others, with particular atten- 
tion to the physical and chemical mechanisms 
involved. Part one (four chapters) is devoted 
to topics of general interest and includes 
such topics as receptors, permeability of mem- 
branes, drug resistance, the value of measure- 
ment, and others. The second part (9 chap- 
ters) is more sophisticated and aimed at 
more advanced students; it concerns the rela- 
tionship between structure and biological ac- 
tivity, using selected groups of compounds as 
examples. Emphasis is placed on physico- 
chemical mechanisms. A good, but not simple, 
introduction to the problems of general or 
fundamental Pharmacology for the advanced 
and interested student. RS. 


CYTOLOGIE DER CEREBROSPINALFLUESSIGKEID. 
By Dozenr Dr. MeEb. HABIL. JOHANNES 
Sayk, Neurologische Abteilung der Psychi- 
atrischen Klinik der Friedrich-Schiller- 
Universitaet Jena. Pp. 175; 90 ills. Jena: 
Gustav Fischer, 1960. Price, DM 44.40 
($10.00). 

Tue first half of this excellent book gives 
a full description of the various methods used 
to obtain, to count, and to stain the cells of 
the cerebrospinal fluid; and a review of the 
cytochemistry, the origin, and the function 
of these cells. The author recommends. sedi- 
mentation of the cells in a specially con- 
structed chamber, the sedimentation being 
propelled by the capillary attraction of filter 
paper. This ideal technique permits perfect 
conservation and staining of the cells. The 
second half of the book contains a compre- 
hensive description of the liquor cytology in 
the inflammatory diseases, multiple sclerosis, 
hemorrhage, tumors, lues and arteriosclerosis 
of the central nervous system. This is corre- 
lated with the chemistry of the liquor. The 
illustrations are excellent. Many are in color. 
The book is highly recommended to all who 
are interested in the cytology of body fluids; 
it is a must for the students of liquor cytology. 


W.E. 


Dre FORSCHUNG UND 
Praxis. Edited by Pror. Dr. Mev. H. JuNG- 
HANNS, Oldenburg. Referatenband I. 1960 
{Volume 16). Edited by Dr. Men. F. 
BIEDERMANN. Pp. 196. Stuttgart: Hippo- 
krates-Verlag, 1960. Price, DM 19.80. 


Tuts is Volume 16 of a series of books 
entitled “The Vertebral Column in Research 
and Practice.” Like volumes 4, 6, 8, 10 and 
12 of this series, the present book contains 
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individual reviews of papers and books deal- 
ing with the vertebral column (1151 papers 
and 56 books were reviewed in’ these 5 
volumes) and a_ collective review by H. 
Jesserer on osteoporosis, rickets and osteo- 
malacia, osteitis fibrosa generalisata, and 
osteosclerosis. As in previous volumes, one- 
sided printing and the international decimal 
classification were used in order to facilitate 
filing of the reviews. The volume should be 
of considerable usefulness to physicians who 
are interested in the spine. W.E. 


Die FORSCHUNG UND 
Praxis. Edited by Pror. Dr. Mev. H. Junc- 
HANNS, Oldenburg. Dre Crervi- 
catis. Vou. 17. By M. AvurpermMaur. Pp. 
79; 53. ills. Stuttgart: Hippokrates-Verlag, 
1960. Price, DM 16.80. 

One hundred cervical spines (from the 
2nd cervical to the Ist thoracic vertebra ) 
were collected at random, they were x-rayed, 
and one half of each spine was macerated, 
the other studied histologically. In cases of 
kyphosis of the lower cervical vertebra, the 
upper vertebra revealed hyperlordosis in all 
cases. Spondylosis cervicalis was very com- 
mon, but while arthrosis increased with age, 
spondylosis declined after the 7th to Sth 
decade. Spondylosis deformans is initiated by 
tearing of discs which may undergo fibrosis 
or ossification. Prolapse of the nucleus pulpo- 
sus occurs chiefly in the lower cervical spine 
There was no correlation between even con- 
siderable anatomical changes clinical 
symptomology. The book is well illustrated 
The photographs are excellent. Both ortho 
pedists and roentgenologists should profit from 
a study of this interesting paper. W.E. 


DELINQUENT AND NeEuROTIC CHILDREN. By 
Ivy Bennetr, Pu.D. Pp. 531. New York 
Basic Books, Inc., 1960. Price, $10.00. 

Ivy BENNETT, a British psychologist and 
psychoanalyst, attempts in this worthwhil 
book to describe the differences in the per 
sonality and background of delinquent chil 
dren as contrasted to neurotic children. Her 
work is the result of a project suggested by 
her late mentor, Kate Friedlander, syste 
matically to compile and analyze clinical ma 
terial to test aspects of psychoanalytic theory 
about the development of neurotic and deli: 
quent children. A careful selection and sun 
marization of 50 cases of delinquent childre 
and adolescents evaluated and treated in tl 
English Rural Child Guidance Service a 
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presented and contrasted with 50 comparable 
cases of neurotics. 

Dr. Bennett comprehensively reviewed the 
literature on delinquency correlates it 
with her own findings. The study substan- 
tiates psychoanalytic thinking about delin- 
quent children; namely, that the problem of 
most delinquent children is related to faulty 
superego formation due to factors as absence 
or early interruptions in secure mother- 
child relationship, broken homes, poor par- 
ental figures to identify with and grossly 
traumatic or inconsistent discipline. © W.C. 


PRAKTIKUM DER IMMUNHAEMATOLOGIE. By 
Pror. Dr. H. H. HexnemMann, Medizinische 
Universitats-Poliklinik Koeln. 2nd ed. Pp. 
148; 33 ills. Stuttgart: Georg Thieme Ver- 
lag, 1960 (Intercontinental Medical Book 
Corp., New York, U.S. Agents). Price, 
DM 19 80 ($4.70 

luis manual was designed to guide physi- 
cians and medical technologists in the study 
of immunohematological problems in hospital 
patients. It contains a description of various 
methods used in the study of cold agglutinins 
and other antierythrocytic autoantibodies (in- 
cluding the Coombs test); of special methods 
used in acquired hemolytic anemias caused 
by antibodies (including tests for sedinienta- 
tion rate, erythrophagocytosis, and mechani- 
cal and osmotic resistance of erythrocytes); 
of methods used to demonstrate antithrom- 
boeytic and antileukocytic serum factors (in- 
cluding the L.E. test); of methods to study 
heterophil antibodies, to determine comple- 
ment and properdin, and to measure the 
hydrogen-ion concentration; and of other 
methods. The usual serological methods and 
tests for blood groups are not included. Each 
chapter is introduced by a brief characteriza- 
tion of the problem and its clinical signifi- 
cance. The employment of this useful book- 
let requires knowledge of the German 


language. W.E. 


_ 


!SPIRATION, Puystococic PRINCIPLES AND 
fuer Appiications. By P. H. 
Rossier, A. A. BUHLMANN, AND K. 
IESINGER. Translated from the German 
Ylition by P. C. Lucustncer anp K. M. 
SER. First English Edition. Pp. 404; 95 
St. Louis: C. V. Mosby Co., 1960. Price, 
Hts translation makes available a valuable 
wk in the field of respiration. The work 
ithoritative and has provided a somewhat 
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different approach to some of the problems 
considered. The illustrations are well chosen. 
It is helpful to have physiology, methods and 
pathology combined in one book. The ap- 
pendices are useful and the bibliography ex- 
tensive. Students and researchers in respiration 
will find this book useful. M.O. 


ATLAS OF BACTERIAL FLAGELLATION. By 
Einar Lewrson, Stritch School of Medicine. 
Pp. 171; 69 ills. and 14 tables. New York: 
Academic Press, Inc., 1960. Price, $7.00. 


For many years Leifson has made an in- 
tensive study of bacterial flagella. He devised 
better ways to visualize them. And he _ be- 
came convinced that their shape and arrange- 
ment in the cell have much taxonomic value. 
His thesis is supported by many excellent 
photomicrographs, all made by him from his 
own stained preparations. Because each figure 
contains 5 to 30 separate photographs this 
volume is richly supplied with them (to the 
point of being somewhat repetitious). Little 
text is needed since his photographs portray 
clearly the author's messages, for example, 
the fact that the possession of flagella by 
group D streptococci may constitute a means 
of identification overlooked by bacteriologists 
up to now. E.S. 


BLEEDING SYNDROMES. By Oscar D. RATNOFF, 

M.D., Associate Professor of Medicine, 
Western Reserve University School of Med- 
icine. Pp. 287; illustrated. Springfield, HL: 
Charles C Thomas, 1960. Price, $8.50. 

One of the most difficult fields of medicine 
for understanding among the various clinical 
disciplines is that associated with problems in 
hemostasis. Many of the previous books pub- 
lished in this area are written for the special- 
ist whose training in laboratory procedures 
allows him to understand the complexities 
of the nomenclature and tests involved. The 
author has written an easy reading compila- 
tion of useful practical information about 
hemorrhagic diseases in which he stresses 
the clinical approach to these patients which 
would be of value to any physician concerned 
with the day-to-day care of patients with 
bleeding syndromes. In doing this, Dr. Ratnoff 
has drawn upon his own vast experience in 
the handling of these patients plus an ex- 
tensive, well chosen bibliography. 

Following a chapter on the physiology of 
hemostasis, the chapter on the importance of 
the history, physical examination and _ signifi- 
cance of the commonly used laboratory tests 


5 

il 

c 

0 

I- 

p. 

« 

1) 

d, 

} 
of 

ill 

th 

bs 

sis 

we ) 

cal 

“d 

By 

rk 

vile 

hil 

ler 

by 

st 

Nha 

Or 

‘Lin 

mn 

tl 

al 


172 268 


sets the tone of the book, with its emphasis 
on the clinical problems involved. 

This book is to be recommended to all 
physicians who have the responsibility for 
the management of these patients. J.D. 


AN INTRODUCTION TO FUNCTIONAL HisTOL- 
ocy. By Grorrrey H. Bourne, M.Sc., 
D.Sc., D.Puu., Professor and Chairman, De- 
partment of Anatomy, Emory University, 
Atlanta. 2nd ed. Pp. 263; 181 ills. Boston: 
Little, Brown and Co., 1960. Price, $8.00. 


Tuts book offers to undergraduates and 
graduates alike an exciting introduction to 
the study of histo- and cytologic structure 
and function. In many instances, basic con- 
cepts in such related fields of histochemistry, 
electron microscopy and cell physiology are 
emphasized in both text and illustrative ma- 
terial. Written in a fashion which can main- 
tain the interest of the novice, the various 
chapters comprise enjoyable reading. The se- 
lection and use of certain photographs, line 
drawings and charts have much value in the 
presentation of the subject matter; although 
a few of these could be of a finer technical 
reproduction (charts) while certain others 
(nerve electron micrographs) might represent 
those of more recent vintage. C.R. 


CLINICOPATHOLOGICAL CONFERENCES OF THE 
Massacuutts GENERAL HosprraL: SELECTED 
Mepicat Cases. By BENJAMIN CAsTLEMAN, 
M.D., ann H. Rosert Duprey, Jr., M.D., 
Chief, James Homer Wright Pathology Lab- 
oratories, Massachusetts General Hospital 
and Clinical Professor of Pathology, Harvard 
Medical School and Assistant in Pathology, 
Massachusetts General Hospital and Instruc- 
tor in Pathology, Harvard Medical School, 
respectively. Pp. 289; 152 ills. Boston and 
Toronto: Little, Brown and Company, 1960 
Price, $12.50. 

Tuts book contains 50 cases presented as 
the weekly Clinicopathological Conferences 
published in the New England Journal of 
Medicine as the Case Records of the Massa- 
chusetts General Hospital. As soon as one 
mentions the CPC from the Massachusetts 
General Hospital and Harvard Medical School 
little more needs to be said. The 50 cases 
were selected for their wide coverage of the 
field of medicine, for the varied discussions 
prompted by the particular case and to dem- 
onstrate current laboratory aids in confirming 
a diagnosis. Some of the cases that were 
selected were done so for historical reasons; 
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these earlier cases are followed by addenda 
which indicate in the majority of instances 
that the discussors arrived at the correct 
diagnoses but that their task would 
been made easier by current medical diag- 
nostic aids. In the preface the authors point 
out the value and popularity of the CPC 
and indicate that it is not a “guessing game” 
but exercise demonstrating the 
gymnastics that the discussor goes 
in arriving at a diagnosis. This is an excellent 
book and contains many “pearls” along with 
key references. The authors are to be com- 
mended for their selection of cases and for 
their presentations including pertinent  illus- 
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PSEUDOMONAS AERUGINOSA INFECTIONS. By 
Craupe E. Forkner, M.D., Cornell 
University Medical College. Pp. 104; 23 
ills. New York: Grune & Stratton, Inc 
1960. Price, $5.25. 


Tuts small volume belongs to the Moder 
Medical Monographs series. In it the author 
has collected references (465 in all) relating 
to the clinical manifestations and therapy of 
Pseudomonas aeruginosa infections. But he 
devotes less than 5 pages to the organism 
itself. and he says nothing about its labora 
tory identification. Furthermore, reference to 
the relatively high resistance of Ps. aeruginosa 
to disinfectants is limited to a short paragrap! 
in the summary. 

The incidence of pseudomonas infections 


has increased in recent years and it will 
probably continue to do so. Consequently 
there is a need for the information Dr. Fork 
ner has assembled. E.S 


Prospect OF THE CANct! 
Prosptem. By D. M.D 
F.R.C.P., F.F.R., Professor of Radiotheray 
in the University of London. Pp. 232; 42 
ills. Edinburgh and London: E. & S. Livin 
stone Ltd., 1960. Price, $8.50. 

Tuts remarkable book serves as an intro- 
duction to a series of monographs on neo 
plasms at individual sites. If the volumes to 
follow approximate this one in quality, they 
should be on the shelves of every doctor w 
comes in contact with malignant disease. 


CLINICAL 


Although the author is intimately concerned 
with the detailed care of patients with canc:r, 
he takes a broad philosophical approach to 
the problem. His principal thesis is that c.n- 
cer is not a disease entity, and that the c:n- 
cer cell does not have some peculiar add od 
malignant quality. 


| 


The author deplores ultra-specialization in 
the field and points out that there are too 
few doctors who take a wide view of the 
problem. He makes a plea for lectures on 
neoplasia, as a whole, in the medical curric- 
ulum. 

Although the view is panoramic, there are 
many direct references to clinical and basic 
science problems. The book is highly recom- 
mended and should prove exciting reading 
for clinician and research worker alike. 


N.L 


Hisroricat CONTRIBUTIONS 

FROM 1776 ro 1908. Edited by RayMonp 
N. Doerscn. Pp. 233; 33 ills. New Bruns- 
wick, N.J.: Rutgers University Press, 1960. 
Price, $5.00. 

SEVENTEEN papers by fifteen pioneers in 
bacteriology are reproduced, trans- 
lated into English for the first time. Each 
paper is preceded by introduction in 
which the editor explains why he selected it. 
And each one describes either a major con- 
tribution to (Koch,  Beijerich, 
Winogradsky, and Ehrlich) or a breakthrough 
to new concepts (Spallanzani, Pasteur, Lister, 
Warington, and Erwin Smith). As the editor 
points out, the choice of papers for inclusion 
in an historical anthology is bound to be in- 


some 


technology 


fluenced by his personal interests. This re- 
with 
Doetsch’s selections; rather he suggests that 
a similar volume tracing the development of 
medical microbiology would be equally worth 
while. E.S. 


viewer has no reason to disagree 


PROGRESS IN ENDOCRINOLOGY. Pant I. NEURO- 
ENDOCRINOLOGY AND ENDOCRINOLOGY OF THE 
AND PARATHYROID GLANDs. Edited 
by K. Fornersy, J. A. Lorare, J. A. 
STRONG AND P. Eckstein. Memoirs of the 
Society for Endocrinology No. 9. Pp. 166; 
530. ills. New York: Cambridge University 
Press, 1960. Price, $8.50. 
Tue proceedings of the 1959 joint meeting 
the British Society for Endocrinology and 
societies representing the Acta Endocrino- 
ica Congresses, is an excellent addition to 
e series of endocrinological memoirs so 
well known throughout the world. Selected 
pics relating to those matters described in 
title are well presented by contributors 
m many nations. Within the recognized 
nitations of such a text, the subjects are 
presentations of current work in each field. 
ie text is elucidated by diagrams, figures 
d tables. The usual provocative discussions 
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follow each monograph and the bibliography 
is ample. A.B. 


PuysioLocy or Neopiasia. Edited by 
the Srarre or rHe UNiversrry or Texas 
M.D. ANpeRSON HosprtaL AND Tumor IN- 
stitute. Pp. 653; illustrated. Austin: Uni- 
versity of Texas Press, 1960. Price, $10.50. 
Tuts book is a collection of papers pre- 

sented at the 14th annual symposium on can- 

cer research held at the M. D. Anderson Hos- 
pital and Tumor Institute in 1960. There are 

19 papers distributed among the divisions of 

1) Nucleus, 2) Cytoplasm, 3) Nucleic Acids, 

and 4) Cell Growth and Development. 

Each paper is well done, and well illus- 
trated, by experts in their respective fields. 
Lively discussion follows each paper. The 
title of the book is somewhat misleading be- 
cause much of the contents pertains, as it 
should, to physiology, morphology and dy- 
namics of normal plant and animal cells as 
well as to neoplastic cells. Each paper bears 
a well documented review of recent literature 
in its area. Some are concerned almost en- 
tirely with elegant methodology, while others 
define results of recent work. Much of the 
experimental work is presented as pure, basic 
material without an attempt to relate the 
findings to oncology. 

Histochemists, cellular physiologists, elec- 
tron microscopists and oncologists should find 
the book of value. 

The quality of the printing is marred only 
by frequent broken letters, “i” in particular. 
It is unfortunate that illustrations could not 
follow the order of the text better. The cost 
of the text seems reasonable. K.S. 


Tue Great Eprpemic. By A. A. 
Pp. 217; 13 illustrations. Boston and Toronto: 
Little, Brown and Company, 1961. Price, 
$3.95. 

Wirn the touch of a professional writer, 
Mr. Hoehling has produced in this mono- 
graph a moving, dramatic account of the 
influenza pandemic of 1918-19. Using many 
quoted statements of both lay and professional 
people, derived from public and official rec- 
ords, he follows the actions and_ reactions 
during the months of this great pandemic. His 
account describes the morbidity and mor- 
tality, in terms other than simple statistics, 
in army camps, aboard ships, in large cities 
as well as small towns, and in small islands— 
throughout the world. With sparkling style, 
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the urgency and severity of the situation is 
imparted to the reader. 

Probably intended for lay, popular con- 
sumption, the book has been written with 
good technical advice. Physicians who did 
not experience the great pandemic would be 
rewarded by spending an evening with this 
monograph. 


THe MANAGEMENT OF PRACTICE. 
By C. THomMpson, M.D. Josern 
B. Seacie, M.D., Tucson Clinic. Pp. 172; 
15 ills., 17 tables. Springfield, Ill.: Charles 
C Thomas, 1961. Price, $7.50. 

Tuts volume, bearing the subtitle “A Philos- 
ophy and Guide” is an inspiring expression 
of devotion to good medical practice among 
children. It is necessarily biased and the senti- 
ments often represent a single approach to 
broad problems. Some issues, such as the 
role of nurse employees in practice, would 
meet with varied opinions elsewhere. In 
truth, this is a cursory recitation of recom- 
mendations primarily based on experiences 


from a well known clinic. It is doubtful 
whether the aspiring pediatric practitioner 
would learn very much by its perusal. Many 
more practical details awaiting the judgment 
of authors, such as these, are anticipated in 
the reading but are paraded in brief, if at all. 
A.B. 


Thermodynamics and Mechanics of Polymer 
Systems. By F. R. Ericn, B. D. Corr- 
MAN, E. W. Fiscuer, M. FixmMan, M. 
Kurata, J. Mazur, W. Nouri, A. Perer- 
Lin, F. T. Wat, B. H. ( Ann. 
New York Acad. Sci., Vol. 89, Art. 4). 
Pp. 141; illustrated. New York: New 
York Academy of Sciences 1961. 


Report of Second African Conference on 
Bilharziasis. World Health Organization 
Technical Report Series No. 204. Pp. 37 
Geneva: World Health 
1960. Price, $.30. 


Organization 
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